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FOREWORD 

This users manual describes the hardware function 
of the CMOS 8-bit single-chip microcomputers, 7470 
series. The contents of this manual are Overview, 
Functional description, Electrical characteristics, Built- 
in PROM version microcomputers description, 
Emulator MCU description, and Applications. 
Please use the “Series MELPS 740 Software Man- 
ual” about their instruction set. 
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1.1. Overview 





1.1 Overview 


The 7470 series are 8-bit single-chip microcomputers created by silicon gate CMOS processing. 
Built into these microcomputers are: 

@ MELPS 740 CPU core 

@ Four 8-bit timers 

@ Serial I/O function (with multi-connection compatibility) 

@ A-D converter (Successive approximation comparison method) 

@ Key on wake up function 
Designed as compact microcomputers for controlling household appliances and every-day electrical 
equipment, their reduced power dissipations enabled by the use of CMOS processing also make these 
microcomputers extremely suitable for applications using battery power. 





M37471M2-XXXSP_ chip 
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1.2 7470 series 


The 7470 series is an extended family consisting of the chips listed in Table 1.2.1, with the M37470M2- 
XXXSP being the base chip. These chips differ only in memory characteristics, memory size, and 
number of ports, to enable the user to select the chip best suited to the system. Throughout this 
manual, all of the 7470 series of microcomputers are referred to as the M37470, unless there is a real 


difference between models. 


Table 1.2.1 7470 series 


ROM RAM /O Input | Analog 


M37470M2-XXXSP 4K 

M37470M4-XXXSP 8K — 
M37470M8-XXXSP 

M37470E4-XXXSP 22 4 4 32P4B 
M37470E8-XXXSP ‘ 
M37470E4SP 

M37470E8SP 


M37471M2-XXXSP 

M37471M4-XXXSP_ [| 8K | (192 es 
M37471M8-XXXSP 

M37471M2-XXXFP — 
M37471M4-XXXFP | Seren 
M37471M8-XXXFP 

M37471E4-XXXSP p aapas | = 
M37471E8-XXXSP 

M37471E4-XXXFP SEP | 56P6N 
M37471E8-XXXFP 

M7471 E4SP [aoa 
M37471E8SP 

M37471 E4FP / Soren 
M37471E8FP 


— 


* 


M37471E8SS | 16K | 384 | ere B "2 


i ee A 


*4: One-time = SOAS version 

*2: Window-type EPROM version 

*3: Dedicated emulator MCU 

Note: Address space that can be used as ROM area 


(1) One-time programmable version | 
Non-erasable programs can be written into the internal PROM of this one-time programmable micro- 
computer. For details of the functions of this version, see Chapter 4, “Built-in programmable ROM 
version”. 


(2) Window-type EPROM version 
Erasable programs can be written into the built-in EPROM of this built-in EPROM microcomputer. 
For details of the functions of this version, see Chapter 4, “Built-in programmable ROM version”. 


(3) Dedicated MCU for emulator 
This dedicated MCU for emulator version is designed for program development—since it makes it 
easy for the user to develop programs, it is most suitable as an element in the trial manufacture 
of systems. For details of the functions of this version, see Appendix 11, “Dedicated MCU for 
emulator M37471RS9S”. 
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1.3 Functional descriptions 


Table 1.3.1 shows the functional descriptions of M37470M2-XXXSP, M37470M4-XXXSP, and M37470M8- 
XXXSP. Same as this, the functional description of M37471M2-XXXSP/FP, M37471M4-XXXSP/FP, and 
M37471M8-XXXSP/FP are shown in Table 1.3.2. 


Table 1.3.1 Functions of M37470M2-XXXSP, M37470M4-XXXSP, and M37470M8-XXXSP 


Parameter | Functions 
Basic instructions 69 
Instruction execution time 1.0us (minimum instructions, at 4MHz) 
Clock frequency 4MHz | 
Memory size ROM 4096 bytes 
8192 bytes 
16384 bytes 
RAM 128 bytes 
192 bytes 
| 364 bytes 
Input/Output ports 8-bit x 2 
Abit x1 
Abit x 1 
2-bitx 1 
Serial 1/O 8-bit x 1 : 
Timers 8-bit x 4 (with 8-bit latch) 
A-D converter (Successive approximation comparison) | 8-bit x 1 (4-channel) 
Interrupts External 5, internal 6 and software 1 
Subroutine nesting 64 
96 
192 
Clock generating circuit (Note 1) - Built-in with internal feedback resistor 
(connect an external ceramic or quartz crystal oscillator) 
Power supply 2./ to 5.5V 
Power dissipation (typ.) 17.5mW (at 4MHz) 
Input/Output characteristics 5V 
—5 to 10mA (PO, P1, P2 and P4: CMOS 3-state) 
Operating temperature range —20 to 85°C | 
Device structure CMOS silicon gate 
Package 32-pin shrink plastic molded DIP | 


Note 1: Clock generating circuit for clock function is not built-in. 
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Table 1.3.2 Functions of M37471M2-XXXSP/FP, M37471M4-XXXSP/FP, and M37471M8-XXXSP/FP 


Parameter 
Basic instructions 
Instruction execution time 
Clock frequency 


Functions 
69 
1.0us (minimum instructions, at 4MHz) 
4MHz 


Memory size 4096 bytes 
| M37471M4 | 8192 bytes 
ane — 16384 bytes 

RAM Rane 128 bytes 

192 bytes 

364 byies 

Input/Output ports 8-bit x 2 

/O 8-bit x 1 

A-bit x_1 

4-bit x_1 

4-bit x_1 

Serial I/O 8-bit x 1 
Timers 8-bit x 4 (with 8-bit latch) 


A-D converter (Successive approximation comparison) 


Interrupts 
Subroutine nesting 


8-bit x 1 (8-channel) 
External 5, internal 6 and software 1 


M37471M2 64 


M37471M4 96 
M37471M8 192 


Clock generating circuit 


Power supply 
Power dissipation (typ.) 
Input/Output characteristics 


Two built-in with internal feedback resistor 
(connect an external ceramic or quartz crystal oscillator) 
2.7 to 5.5V 

17.5mW (at 4MHz) 


Input/Output voltage 5V 


Output current —5 to 10mA (PO, P1, P2 and P4: CMOS 3-state) 


Operating temperature range 
Device structure 

Package M37471M2-XXXSP 
M37471M4-XXXSP 
M37471M8-XXXSP 
M37471M2-XXXFP 
M37471M4-XXXFP 
M37471M8-XXXFP 


—20 to 85°C 


CMOS silicon gate 


42-pin shrink plastic molded DIP 


56-pin plastic molded QFP 
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1.4 Pin configuration 


Figure 1.4.1 shows the pin configuration of M37470M2-XXXSP, M37470M4-XXXSP, and M37470M8- 
XXXSP. And the pin configuration of M37471M2-XXXSP, M37471M4-XXXSP, and M37471M8-XXXSP 
are shown in Figure 1.4.2, and the pin configuration of M37471M2-XXXFP, M37471M4-XXXFP, and 
M37471M8-XXXFP are shown in Figure 1.4.3. 


Pin configuration (top view) 


P17/SRDY <> > P07 
P16/CLK «<>» 311+» PO> 
~ P1s/Sout <> + P05 


P14/Sin <» : > P04 


P13/T1 <>» PPOs 
+> P02 
<> P01 
FP 05 


+> Pd; 


P10 <<» 
P23/IN3 <>» 
P22/IN2 <>» > P14, 

P21/IN1 <>» +— P33/CNTRi1 
P20/INo <> +— P32/CNTRo 


dSXXX-8IN0ZPZEIN 
dSXXX-VINOZVZEIN 
dSXXX-cWO0ZP ZEW 


VReEF —> | <+— P3i/INT1 


XiN—> +— P3o0/INTo 
XouT <— | +— RESET 


Vcc 


Outline 32P4B 





Fig.1.4.1 Pin configuration (M37470M2-XXXSP, M37470M4-XXXSP, and M37470M8-XXXSP) 
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Pin configuration (top view) 


Fig.1.4.2 Pin configuration 


P17/Sraoy <> 
P16/CLK <>» 
P15/SouT <> 
P14/Sin 
P13/T1 


P11 
Po 
P27/IN7 <>» 
P2e6/INe 
P25/IN5 
P24/IN4 <> 
P23/IN3 
P22/|INe2 
P21/IN1 <> 
P20/INo <> 
VREF —> 
XIN 
XOUT 
Vss 


sSS5s 
GQ) W OD 
NNN 
ARS 
NNN 
— a 
sss 
eee 
x XM OX 
<x 
MK XK 
NNW 
UU UU 


Outline 42P4B 


or P52 
+ > P07 
+> P06 
+> POs 
+> P04 
<~—— POs 
+> P02 
PPO 
<> PO 
+ > P43 
+ Pd4o 
PA 


+ Po 


1.4 Pin configuration 


+— P33/CNTRi 
+— P32/CNT Ro 
+— P3i1/INTs 
*— P3o0/INTo 
“= RESET 
> P51/Xcout 


*—_ P50/XcIN 


Vec 





(M37471M2-XXXSP, M37471M4-XXXSP, and M37471M8-XXXSP) 
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Pin configuration (top view) 


1.4 Pin Configuration 





kK 

3 2 
- PO IN 
OFPFEspRgessg Ss SQ 
2e @& Gh & o> 2 2 a. ad @& 2 
BULBS LBS] BSUS Sy StS [3 

N.C. N.C. 
P14/SIN +> P04 
P13/T1 +> P03 
P12/To +> PO» 

P14 <> Po, 

Pio = = = +> P00 
P27/IN7 > BF BR <> Pd; 
P26/INe > = = <> 

= = = P4o 
P2s/INs oe. 6LShLUWN +> Pd; 
P24/IN4 oS os ; +> P4y 
P2a/IN mm UNOH 

3/INs a oe an N.C. 
P22/IN2 +— P33/CNTR1 
P21/INi +— P32/CNTRO 
P20/INo — P3,/INT1 

VREF —> *— P30/INTO 

N.C. N.C. 

TIE SRE EIEIEISIE! 
o425o08 8S Oo Z5EOF 
2% 2227 >2x% 8 Z/0 
o X< LU 
w= o 

ao wo 

oO 


Outline 56P6N 


N.C. : No connection 


Fig.1.4.3 Pin configuration (M37471M2-XXXFP, M37471M4-XXXFP, and M3/7471M8-XXXFP) 
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1.5 Pin description 


Pin description is shown in Table 1.5.1 


Table 1.5.1 Pin description 


Pin 


Input/ : 


Vcc, Vss [Supply voltage] ——| Supply 2.7 to 5.5V to Vcc, and OV to Vss. 


AVSS 
VREF 


RESET 
XIN 


XOUT 
POo—P0O7 
P10—P17 
P20—P27 
(Note 2) 
P30—P33 


P4o—P43 
(Note 3) 
P50-—P53 
(Note 4) 


Note 1: 


& W P 


Analog Acts as ground level input pin for A-D converter. 
power supply Same voltage as VSS is applied. (Note 1) 


Reference Input Acts as reference voltage input pin for the A-D converter. 
voltage input 
Reset input Specifies reset when held at “L” for at least 2us. 


Clock input Acts as input and output pins interfacing with the internal clock generating 
circuit. Connect a ceramic resonator or crystal oscillator between the XIN 


Clock output |Output | and XOUT pins to set the oscillator frequency. An internal feedback resistor 
is connected between the XIN and XOUT pins. 
If an external clock is used, connect the clock source to the XIN pin and leave 
the XOUT pin open. 

/O port PO | Acts as 8-bit I/O port with CMOS output format. When input port is selected, 
these pins can be connected individually to pull-up transistors. A key on 
wake up function is also provided. 


/O 

/O port P1 /O Acts as 8-bit I/O port with CMOS output format. When input port is selected, 
these pins can be connected in groups of four to pull-up transistors. P12 and 
P13 can also be used as timer outputs To and T1, and P14, P15, P16, and 
P17 can also be used as SIN, SOUT, CLK, and SRDY of the serial I/O function. 
SOUT and SRDY outputs can be set to N-channel open drain output. 

VO port P2 /O Acts as 8-bit I/O port with CMOS output format. When input port is selected, 

nell these pins can be connected in groups of four to pull-up transistors. These 
pins can also be used as analog inputs INo to IN7. 

Input port P3 | Input Acts as 4-bit input port. P30 and P31 can also be used as external interrupt 

et all input pins INTo and INT1, and P32 and P33 can also be used as timer input 
pins CNTRo and CNTR1. 

VO port P4 /O Acts as 4-bit I/O port with CMOS output format. When input port is selected, 

aul these pins can be connected in groups of four to pull-up transistors. 

Input port P5 = | Input Acts as 4-bit input port that can be connected as a group of four pins to pull- 
up transistors. P50 and P51 can also be used as the XCIN and XCOUT pins 
for the clock-function clock generating circuit. When using these pins as 
XCIN and XCOUT pins, an internal feedback resistor is connected between 
them. To enable external clock input, connect the clock source to the XCIN 


pin and leave the XCOUT pin open. 
For 56-pin QFP type only. 


: Only P2o-P23 (INo-IN3) 4-bit for M37470M2, M37470M4, and M37470M8. 
: Only P4o and P41 2-bit for M37470M2, M37470M4, and M37470M8. 
: This port is not included in M37470M2, M37470M4, and M37470M8. 
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ee Ye VREF ee) 
V/O port P4 Input port P3 Reference /O port P2 


Clock Clock Reset 
input output ~  _input 
XIN = XOuT RESET Vcc Vss 
- @- -@—— - 
Data bus 













RAM Program | Program 
counter | counter 
PCH (8) | PCL (8) 









8-bit 
Arithmetic 






Processor 
status 
register 

























Pe ay | (4) 


bik 






voltage input 


Note 1 : 8192 bytes for M37470M4, and 16384 bytes for M37470M8. 


2: 192 bytes for M37470M4, and 384 bytes for M37470M8. 


OTes 
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M37471M2-XXXSP_ block diagram 


Clock Clock 
input output Reset input 





XIN XoOutT RESET Vcc Vss 
















(Note 2) 






RAM Program | Program 
counter counter 
PCH (8) PCt (8) 


Instruction 

register (8) 

Instruction 
decoder 


Control signal 










Index 
register 
Y (8) 






status 
register 











| PS (4) | atm er es} 
dais ed— - I (18) | 
wee? Soe VREF ———— 2 LO Ne ENN pO om RCA 
Input port PS VOponeA port P4 input port P3 Reference VO port P2 VO port P41 /O port PO 


voltage input 


Note 1 : 8192 bytes for M37471M4—XXXSP, and 16384 bytes for M37471M8—XXXSP. 
2: 192 bytes for M37471M4—XXXSP, and 384 bytes for M37471M8—XXXSP. 
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M37471M2-XXXFP block diagram 
Clock Clock 
input output Reset input 
XIN XOuT RESET Vcc Vss AVss 














Clock generating 
circuit 


| 
XCIN XcouT 


Data bus 









Ss i e . ES er | nstruction 
RAM Program | Program Se register (8) 
counter counter : sh 
Instruction 
decoder 


Control signal 






PCH (8) | PCL (8) 


128 
T a 
Index Index - 
ae) Y (8) e aoe ey, 
A iment 
: L Z Timer 4 af PWM control 






Processor 
status 
register 
PS (8) 
























| ‘: 


Ce ~ 
7 


Reference 
Input port P5 V/O port P4 Input port P3 voltage input /O port P2 


Note 1 : 8192 bytes for M37471M4—XXXFP, and 16384 bytes for M37471M8—XXXFP. 
2: 192 bytes for M37471M4—XXXFP, and 384 bytes for M37471M8—XXXFP. 
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2.1 Central processing unit (CPU) 





2.1 Central processing unit (CPU) 


The central processing unit (CPU) of the M37470 has six internal registers. Five of these registers (the 
accumulator (A), index register X (X), index register Y (Y), stack pointer (S), and processor status 
register (PS)) have an 8-bit configuration, but the program counter (PC) has a 16-bit configuration 
consisting of two 8-bit registers (PCH and PCL). 

After a reset, the | flag of the processor status register is set to “1”, the contents of address FFFF16 
are placed in the high-order 8 bits of the program counter, and the contents of address FFFE16 are 
placed in the low-order 8 bits of the program counter. The contents of the rest of the PS and the other 
registers are undefined, so initialization may be necessary for some programs. 

The register structure of the M37470 is shown in Figure 2.1.1. 


Accumulator (A) 
Index register X (X) 
Index register Y (Y) 
Stack pointer (S) 


Program counter (PC) 


tT 0 | 
IN|V{T}|B/[D]|1|{Z|C] Processor status register (PS) 


arry flag 
Zero flag 
Interrupt disable flag 
Decimal mode flag 
Break flag 
X modified operation mode flag 
Overflow flag 
Negative flag 





Fig.2.1.1 Register structure 
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2.1.1 Accumulator (A) 

The accumulator is the central register of the microcomputer, and it has an 8-bit configuration. This 
is the most frequently used general-purpose register—it is used for arithmetic operations, data transfer, 
temporary storage, and condition judgements. 


2.1.2 Index register X (X), index register Y (Y) 

Both index register X and index register Y have 8-bit configurations. In addressing modes that use 
these index registers, the contents of these registers are added to the contents of the specified address 
to give the actual address to be used. These addressing modes are useful for referencing subroutine 
tables and memory tables. 

These index registers also have increment, decrement, comparison, and data transfer functions, so they 
can be used as accumulators. 

When the T flag of the processor status register (described below) is “1”, the contents of index register 
X are used as they are as an operand address. 


2.1.3 Stack pointer (S) 

The stack pointer is an 8-bit register used during subroutine calls and _ interrupts. 

When processing branches from the currently executing routine to a subroutine or interrupt processing 
routine, the return address must be saved. This return address is usually stored in the internal RAM, 
in an area called the stack area. The contents of the stack pointer indicate the storage location of 
stack data in the stack area. The operations of pushing register contents onto the stack and popping 
them from the stack are shown in Figure 2.1.2. These operations are performed automatically when 
an interrupt is received or a subroutine is called. 

The contents of registers other than the program counter and processor status register are not auto- 
matically pushed onto the stack, and at subroutine call only the contents of the program counter are 
pushed. If pushing is necessary, specify it in the program: use the PHA and PLA instructions to push 
and pop the contents of the accumulator, and the PHP and PLP instructions to push and pop the 
contents of the processor status register. 

RAM in the zero page is usually used as the stack area for this storage, but 1 page (addresses 010016 
to O1FFis6) can also be used as a stack area by setting bit 2 of the CPU mode register (address 
OOFBi6) to “1” (M37470M8 and M37471M8 only). The M37470M2, M37470M4, M37471M2, and 
M37471M4 do not have 1 page in .RAM, so always set this bit to “0” in these microcomputers. 
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peat etre cetaceans a nari bec act Decider, 





4 On-going routine f 
— 


Interrupt request 


Execute JSR 





(PCL) <— M(S) 
(S) <— (S)+1 
(S) 





Fig.2.1.2 Stack store and restore sequence when executing interrupt or subroutine calls 


2.1.4 Program counter (PC) | 
The program counter is a 16-bit counter consisting of two 8-bit registers: PCH and PCL. It contains the 
address of the next instruction to be executed. 


2.1.5 Processor status register (PS) | 

The processor status register is an 8-bit register consisting of various flags such as those holding the 
status after an arithmetic operation. 

After reset, the | flag is set to “1”, but all other flags are undefined. Since the T and D flags directly 
affect arithmetic operations, always initialize them before such an operation. 

The bits of the processor status register are described below. 
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(1) Carry flag (C) 
The C flag stores a carry or borrow sent from the arithmetic and logic unit after an arithmetic 
operation. It is also changed by a shift or rotate instruction. 
The C flag can be set by the SEC instruction and cleared by the CLC instruction. 


(2) Zero flag (2) 
The Z flag is set if the result of an arithmetic operation or a data transfer is “OQ”, or cleared if the 
result is anything other than “O”. 
The Z flag is not valid in decimal mode. 


(3) Interrupt disable flag (I) 
The | flag disables all interrupts except for the interrupt generated by the BRK instruction. Interrupts 
are disabled when the | flag is “1”. It is automatically set to “1” when an interrupt is received, pre- 
venting multiple interrupts. 
The | flag can be set by the SEI instruction and cleared by the CLI instruction. 


(4) Decimal mode flag (D) 
The D flag determines whether additions and subtractions are performed in binary or decimal nota- 
tion. Ordinary binary arithmetic is performed when the D flag is “0”; decimal arithmetic with two 
digits per word is performed when it is “1”. Decimal correction-is automatic in decimal mode, but 
only the ADC and SBC instructions can be used for decimal arithmetic. 

' The D flag can be set by the SED instruction and cleared by the CLD instruction. Once the D flag 
has been set, it is valid until it is cleared by the CLD instruction or other cause. 
Since the D flag directly affects calculations, always initialize it after a reset. 


(5) Break flag (B) 
The BRK instruction can be used during program debugging to give the same effect as an_ interrupt. 
The B flag determines whether an interrupt was generated by executing the BRK instruction. It is 
set to “1” if an interrupt was generated by the BRK instruction; or cleared to “O” and pushed onto 
the stack if any other interrupt was generated. 


(6) Index X mode flag (T) 
When the T flag is “0”, arithmetic operations are performed between accumulator and memory; when 
it is “1”, direct arithmetic operations and direct data transfers are enabled between memory and 
memory, memory and I/O, and I/O and I/O, without using the accumulator. In this case, the result 
of an arithmetic operation performed on data in memory location 1 and memory location 2 is stored 
in memory location 1. The address of memory location 1 is specified by the index register X, and 
that of memory location 2 is specified by the normal addressing mode. 
The T flag can be set by the SET instruction and cleared by the CLT instruction. 
Since the T flag directly affects calculations, always initialize it after a reset. 


(7) Overtlow flag (V) 
The V flag is valid ‘during the addition or subtraction of binary, one-word signed data. It is set if 
the result is outside the range of +127 to —128. It is also used after the BIT instruction is executed, 
to contain the value in bit 6 of the memory location operated on by the BIT instruction. 
The V flag can be cleared by the CLV instruction, but it cannot be set by an_ instruction. 
The V flag is not valid in decimal mode. 


(8) Negative flag (N) 

The N flag is set if the result of an arithmetic operation or data transfer is negative (bit 7 is ‘“1”). 
It is also used after the BIT instruction is executed, to contain the value in bit 7 of the memory 
location operated on by the BIT instruction. 

The N flag cannot be set or cleared directly by any instruction. 

The N flag is not valid in decimal mode. 
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2.2 Access area 


In the M37470, all the ROM, RAM, I/O functions, and control registers are located in the same mem- 
ory area. This means that there is no need for programs to distinguish between memory and VO op- 
erations—the same instructions can both transfer data and operate on data. 

The program counter of the M37470 has a 16-bit configuration, and 64K bytes of memory area (from 
addresses 000016 to FFFF16) can be accessed. Of this 64K-byte memory area, the first 256 bytes are 
called the zero page area which holds frequently used memory functions such as internal RAM, I/O 
ports, and timers. The last 256 bytes of the 64K-byte memory area are called the special page area. 
The zero page and special page areas can be accessed in 2-byte units by using special addressing 
modes. 


000016 
RAM(128 bytes) 


008016 


Zero page 


00C0i6 


010016 


Not used 


FOO0i6 


FFOOt6 oo ~~" Internal ROM 
(4K bytes) 


Special page 


Vector table 





Fig.2.2.1 Access area (M37470M2-XXXSP) 
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2.2.1 Zero page (addresses 000016 to OOFF 16) 

The 256 bytes from address 000016 to address OOFFi6 are called the zero page area. The internal 
RAM, access flags, and the special function register (SFR) are allocated to this area. 

Use the zero page addressing mode shown in Figure 2.2.2 to specify memory and registers in the zero 
page area. This dedicated zero page addressing mode is particularly useful because it enables access 
to this area with even shorter instruction cycles. 


2.2.2 Special page (addresses FFO016 to FFFF16) 

The 256 bytes from address FFOO16 to address FFFF16 are called the special page area. 

Use the special page addressing mode shown in Figure 2.2.2 to specify memory in the special page 
area. This dedicated special page addressing mode is particularly useful because it enables access to 
this area with even shorter instruction cycles. 

Frequently used subroutines are normally stored in this area. 


Addressing mode ( ) indicates number of bytes 


I zero page (2) 


zero page indirect (2) 
zero page specific zero page X (2) 
addressing mode zero page Y (2) 
| zero page bit (2) 


zero page bit relative (3) 


absolute (3) 
absolute X (3) 


zero page absolute Y (3) 


addressing mode special page 


relative (2) addressing mode 


indirect (3) 
indirect X (2) 
indirect Y (2) 


special page specific 
addressing mode 


special page (2) 





Fig.2.2.2 Zero page and special page addressing mode 
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2.3 Memory map 


The memory map of the 7470 series is shown in Figures 2.3.1 to 2.3.3. Memory, I/O, and other 
functions allocated to the address spaces are described below. 


@RAM 000016 to O07F16: M37470M2, and M37471M2 

000016 to OOBFi6: M37470M4, and M37471M4 

000016 to OOBFié 

and | 
| 010016 to 01BFi6é: M37470M8, and M37471M8 
In the M37470M2, and M37471M2, static RAM with a capacity of 128 x 8 bits is allocated to addresses 
000016 to O007Fie. 
In the M37470M4, and M37471M4, static RAM with a capacity of 192 x 8 bits is allocated to addresses 
000016 to OOBF 16. 
In the M37470M8, and M37471M8, static RAM with a capacity of 384 x 8 bits is allocated to addresses 
000016 to OOBFis and 010016 to OIBFi6. 
Internal RAM is used for data storage as well as a stack area for subroutine call and interrupt gen- 
eration. Therefore, when using RAM as a stack area, be careful that subroutine nesting and interrupt 
levels do not become too complex, to ensure that data stored in that RAM area is not destroyed. 


@SFR 

The area from address 00C016 to address OOFF16 is allocated to the special function register (SFR), 
with the memory map shown in Figure 2.3.4. The SFR contains registers relating to functions such as 
VO ports, timers, serial 1/0, A-D converter, and _ interrupts. 


@ROM FO0016 to FFFF16: M37470M2, and M37471M2 

E00016 to FFFF16: M37470M4, and M37471M4 

C00016 to FFFF16: M37470M8, and M37471M8 
In the M37470M2, and M37471M2, mask ROM with a capacity of 4K x 8 bits is allocated to addresses 
FQ0016 to FFFF16. 
In the M37470M4, and M37471M4, mask ROM with a capacity of 8K x 8 bits is allocated to addresses 
E00016 to FFFFi6. 
In the M37470M8, and M37471M8, mask ROM with a capacity of 16K x 8 bits is allocated to addresses 
C00016 to FFFFie. 
Addresses FFEAis6 to FFFFié6 in internal ROM are allocated as a vector area for storing jump desti- 
nation addresses used at reset or when an interrupt is generated. A memory map of this vector area 
is shown in Figure 2.3.5. 
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Hexadecimal notation Decimal notation 
000016 0 
RAM 
(128 bytes) 
Zero page 008016 128 
Not used 
O0O0C016 SER 192 


(refer Fig. 2.3.4) 


010016 256 
Not used 





- ae — 
FFOOi6 65280 
ROM 
(4K 
bytes) 
Special page 
FFEA16 65514 
Vector table 
(refer Fig. 2.3.5) 
FFFFi6 65535 


Fig.2.3.1 Memory map for M37470M2, and M37471M2 
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Hexadecimal notation Decimal notation 
000016 0 
RAM 
(192 bytes) 
Zero page | 
00C016 SFR 192 
(refer Fig. 2.3.4) 
010016 256 
Not used 
: pe : 
ROM FFO016 65280 
(8K 
bytes) 


Special page 


FFEA16 65514 


Vector table 
(refer Fig. 2.3.5) 





FFFFi6 65935 


Fig.2.3.2 Memory map for M37470M4, and M37471M4 
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Hexadecimal notation Decimal notation 
000016 0 
RAM 
(192 bytes) 
Zero page 
00CO 192 
SFR 3 
(refer Fig. 2.3.4) 
010016 256 
RAM 
(192 bytes) 
01C016 448 
- Not used 
Co00016 49152 
ROM 
(16K 
- - oy ~ 
Specialpage | FFEAt6 65514 
Vector table 
(refer Fig. 2.3.5) 
FFFFi6 65535 


Fig.2.3.3.. Memory map for M37470M8, and M37471M8 
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Fig.2.3.4 
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00C016 
000116 
00C216 
00C316 
00C416 
00C516 
00C616 
00C716 
00C816 
000916 
OOCAI16 
OOCBi6 
00CCi6 
00CD16 
OOCE16 
OOCF16 
0OD016 
00D116 
00D216 
00D316 
00D416 
00D516 
00D616 
00D716 
00D816 
00OD916 
OODAi6 


OODBi16 F& 
ooDCi6 


ooDDi6 


OODFie [= 


Port P4 direction register 
Port P5 (Note 1) 


Port PO pull-up control register 
Ports P1 to P5 pull-up control register 


Edge polarity selection register 


Input latch register 


A-D control register 
A-D conversion register 


Serial I/O mode register 
Serial I/O register 
ial 1/O count Byte counter 





O0E016 
00E116 
00E216 
00E316 
00E416 
OO0E516 
OOE616 
00E716 
00E816 
00E916 
OOEA16 
OOEBi6 
OOECi6 
OOED16 
OOEE16 
OOEFi6 
OOF 016 
OOF 116 
OOF 216 
00F316 
OOF 416 
OOF516 


2.3 Memory map 


OOF616 fe 


OOF 716 
OOF 816 
OOF 916 
OOFAi6 
OOFBi6 
OOFCié6 
OOFDi6 
OOFE16 
OOFF 16 


CPU mode register 


Interrupt control register 2 


Note 1 : This address is not used in M37470M2, M37470M4, and M37470M8. 


2 : Shaded area is not used. 


SFR memory map 





FUNCTIONAL DESCRIPTION 
2.3 Memory map 


FFEA16 
FFE B16 
FFEC 16 
FFED 16 
FREE (6 
FFEF 16 
FFF O16 
FFF 116 
FFF 216 
FFF 316 
FFF 416 
FFF 516 
FFF 616 
FFF 716 
FFF 816 CNTRo/CNTRt1 
FFF 916 interrupt 
FFFA 16 |N T 1/ Key on wake up 
FFF B16 interrupt 
FFFC 16 
FFF D 16 
FFFE 16 
FFFF 16 


B R K instruction interrupt 


A - D conversion interrupt 


Serial |/O interrupt 


Timer 4 interrupt 


Timer 3 interrupt 


Timer 2 interrupt 


L 
L 
L 
L 
c 
L 
L 


Timer 1 interrupt 


Tf fT 


Tir 


IN T 0 interrupt 


Reset 


‘i 


L means low-order 8-bit of jump distination address and H means high-order 
8-bit of jump distination address. 





Fig.2.3.5 Interrupt vector area memory map 
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2.4 Input/Output ports 


Figure 2.4.1 shows I/O ports of M37470M2-XXXSP, M37470M4-XXXSP, and M37470M8-XXXSP. And I/O ports 
of M37471M2-XXXSP/FP, M37471M4-XXXSP/FP, and M37471M8-XXXSP/FP are shown in Figure 2.4.2. 





Fig.2.4.1 I/O ports of M37470M2, M37470M4, and M37470M8 


P3 
P4 


P5 
(P50) Xcin 
Xout (P51) Xcout 





Fig.2.4.2 I/O ports of M37471M2, M37471M4, and M37471M8 
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2.4.1. Input/Output port 


(1) Port PO 
Port PO is an 8-bit input/output port. Output is in CMOS output format. Port PO is handled as 
memory at address 00C0i6 in the zero page. It has a direction registers’ (address 00C116) whose 
bits can be individually programmed to set each of the pins of port PO to either input or output. If 
a bit of direction register is set by program to “1”, the corresponding pin is set to be an output pin; 
if the bit of direction register is set to “0”; the pin is set to be an input pin. Data written to a pin 
that has been programmed as an output pin is written to a port latch, then it is output without 
change to the output pin. When data is read from a pin that has been programmed as an output 
pin, the contents of the output pin itself are not read; the contents of the port latch are read instead. 
This ensures that the previously output value is read correctly, even if some cause such as an 
external load has driven an output “H” voltage down or a ‘L” voltage up. A pin programmed to be 
an input pin is floating, and its status can always be read. When data is written to such a pin, it 
is written only to the port latch, so the pin itself stays floating. 
At reset, all the pins of port PO are set to input. When the port is set to input, individual pins can 
be connected to pull-up transistors (see Figure 2.4.3). 
If a key matrix is created for input to port PO, the M37470 can be returned from wait or stop mode 
to normal operating mode by simply pressing a key. This generates an interrupt by applying an “L” 
level voltage to port PO. 


b7 b0 
Port PO pullup control register 
(address 00D016) 
Port POo pull-up control bit 
Port PO1 pull-up control bit 
Port P02 pull-up control bit 
Port P03 pull-up control bit 


Port P04 pull-up control bit 


Port PO5 pull-up control 


Port P06 pull-up control 


Port P07 pull-up control 


0: without pull-up transistor 
1: with pull-up transistor (when input port is selected) 





Fig.2.4.3 Structure of port PO pull-up control register 
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(2) Port P1 
Port P1 has the same functions as port PO. Pins P12 to P17 have double functions—their functions 
can be selected by program. When port P1 is selected to be an input port, its pins can be 
connected in groups of four to pull-up transistors (see Figure 2.4.4). 


(3) Port P2 
Port P2 is an 8-bit I/O port with the same functions as port PO. In the M37470M2, M37470M4, and 
M37470M8, this port is P20 to P23, a 4-bit I/O port. This port can also be used as an analog 
voltage input pin. When port P2 is selected to be an input port, its pins can be connected in groups 
of four to pull-up transistors (see Figure 2.4.4). 


(4) Port P3 
Port P3 is a 4-bit input port. Its pins can also be used as external interrupt input pins and timer 
input pins. 


(5) Port P4 
Port P4 is an 4-bit I/O port with the same functions as port PO. In the M37470M2, M37470M4, and 
M37470M8, this port is P40 and P41, a 2-bit VO port. When port P4 is selected to be an input port, 
its pins can be connected in groups of four to pull-up transistors (see Figure 2.4.4). 


(6) Port P5 
Port PS is a 4-bit input port that can be connected as a group of four pins to a pull-up transistor 
(see Figure 2.4.4). Pins P50 and P51 can also be used as I/O pins for the clock-function clock 
generating circuit. Note that the M37470M2, M37470M4, and M37470M8 do not have this port. 


b0 
| | tf | Ports P1 to P5 pull-up control register 
| (address 00D116) 


Port Pio to P13 pull-up control bit 


Port P14 to P17 pull-up control bit 
Port P20 to P23 pull-up control bit 
Port P24 to P27 pull-up control bit 
Port P4o to P43 pull-up control bit 
Port P50 to P53 pull-up control bit 


0: without pull-up transistor 
1: with pull-up transistor (when input port is selected) 


Note: M37470M2, M37470M4, and M37470M8 do not have bit 3 and bit 6. 





Fig.2.4.4 Structure of ports P1 to P5 pull-up control register 
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Switch the programmable !/O ports between input and output as shown below. 


The direction register corresponding to each port is located in the SFR area assigned to addresses 00C0t1e to 
OOFF is. Each bit of this direction register determines the corresponding port direction. Bit and pin correspond 
in the following manner: 


Bit 7 


reyyy dy 


POs POs P0O4 POs PO2 P01 POo 


Port PO direction register (address 00C1 16) 


On the corresponding bit of the pin: 
When “0” is written in, the corresponding port is an input pin. 
When “1” is written in, the corresponding port is an output pin. M37470 


At reset, each direction register is initialized to “0016”, the I/O port is input. 


Example: When “6Bie" is written in the PO direction register (address 00C 116). 


b4. b3  b2 


ai CARNES CUES EERE 


Phy ty thy 
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2.4.2 Pin description 
The functions of the other VO pins of the M37470 are described below. 


(1) XIN and XOUT pins | 
The XIN and XOUT pins are clock I/O pins. The M37470 has a built-in clock generating circuit whose 
oscillation frequency can be set by a ceramic resonator or a crystal oscillator. A feedback resistor 
is built in between the XIN and XOUT pins. 
When using an external clock, connect the clock oscillation source to the XIN pin, and leave the 
XOUT pin open. | 


(2) RESET pin 
The system is reset when the RESET pin is held at “L” for at least 2us. 


(3) Vss and Vcc pins 
The Vss and Vcc pins supply power to the chip. 


(4) INTo pin (PS3o/INTo) 
The interrupt input pin INTo can also be used as port P30. When either a rising edge or a falling 
edge is input to this pin, the INTo interrupt request bit (bit 0 of address OOFD16) is set to “1”. 


(5) INT1 pin (P31/INT1) 
The interrupt input pin INT1 can also be used as port P31. When either a rising edge or a falling 
edge is input to this pin, the INT1 interrupt request bit (bit 1 of address OOFD16) is set to “1”. 


(6) CNTRo pin (P32/CNTRo) 
The timer input pin CNTRo can also be used as port P22. 


(7) CNTR1 pin (P33/CNTR1) 
The timer input pin CNTR1 can also be used as port P33. 


(8) To pin (P12/To) 
The timer output pin To can also be used as port P12. 


(9) T1 pin (P13/T1) 
The timer output pin T1 can also be used as port P13. 


(10) INo to IN7 pins (P2o0/INo to P27/IN7) 
The analog input pins INo to IN7 can also be used as port P20 to P27. M37470M2, M37470M2A, 
M37470M4, and M37470M8 do not have IN4-IN7 pins. 


(11) VREF pin 
The VREF pin is a reference voltage input pin for the A-D converter. 


(12) XCIN and XCOUT pins (P50/XCIN and P51/XCOUT) 
The XCIN and XCOUT pins are clock I/O pins for the clock function, but they can also be used as 
ports P50 and P51. A feedback resistor is built in between the XCIN and XCOUT pins, but it is dis- 
connected when these pins are used as ordinary ports. The M37470M2, M37470M4, and M37470M8 
do not have these pins. | 


(13) AVss_ pin 


The AVss pin is a ground level input pin for A-D eonvaiee same voltage as VSS is applied. This 
pin is for 56-pin QFP type only. 
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Port PO S 
| Pull-up | 
control register 
Data bus 
Port PO 
Interrupt control circuit 
Port P71 co 
F Pull-up i 
Data bus control register 
4 T34M7 


Sie} —i— {> r 


Data bus tT wi Ra 1 Port P13 
ae: 
ee 
re. 


T1 


N 
T12M , i 
: Ore 
O) 


| + 
ee 
ra 
{Direction register} = 
mer: * mi ci Ria 
Be: 
To 
| T 
Tr4 
> 
& 
| > 


es 
se 
g Direction register TO 
Data bus Port latch 
il Port P11 


St 
pees Rese i} ij - 
, 
OO) 


“<j 
Ed 
betas {ee 
ae Lela il Port P10 
B: 


Tr1—Tr5 are pul-up transistors. 


& 
cel 

> 
Ls 
Eee 


Fig.2.4.5 Port PO, P10-P13 block diagram 
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Port P14 —P17 SM7 PD hi 
SMa » ann Tr6 


ft 
ee Direction register | alae 


ae er — 


SRDY 
pail —b 
Tr7 
Data bus & 


Port ——— = 
mil a 






Port P17 


Port P16 


CLK output CLK input x 
SM3 i T 
SM7—_< Tr8 
— ee Direction register | Lee [> J. 
Data bus Port | = Portlatch | 
meee a pe [men 
SOUT 
’ 
[coma —— p=} 
Data bus name = latch 
a beat ail _ 


Data bus 


a Pull-up <—" register = 


Tr6—Tr9 are pull-up transistors. 


Fig.2.4.6 Port P14—-P17 block diagram 
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*: Control in units of 4-bit 


Port P2 < 
Pull-up 


palais control ——— 1» T 7 
r 


———= Dae et [Direction register | Tf 


Data bus ort | = Portlatch O) 
[at Les 1 aes 
A-D conversion circuit 


Port P3 Data bus 
Port P3 | 
| INTo, INT1 


CNTRo, CNTR 


*- Control in units of 4-bit 


Port P4 


—_ 
Data bus Bouse 


control register’ iD; T 
Trt1 


a 
Sis sae] ——D—y 
© 


Data bus Port latch 
Port P4 
ae ei" 
“<A 


Tr10—Tr11 are pull-up transistors. 





Fig.2.4.7 Port P2-P4 block diagram 
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Port P5 
<q 
control register So 
Tr12 
Data bus @ & 
Port P53 
a | 
Tr13 
Data bus << @ 
Port P52 
| CMa [do ceamemnen (OS) J 
TH4 
Data bus ) eel | 0 
Port P51 
1 CMa 
©) 





| CMa +0 » J 
TH15 
Data bus ei 0 
aa Port P50 


712 -Tr15 are pull-up transistors. 


Fig.2.4.8 Port P5 block diagram 
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2.5 Interrupts 


Interrupts are used in the following cases: 
eWhen processing that is more important that the currently executing processing routine is requested. 
eWhen processing must be executed at a specific timing. 
The M37470 can be interrupted by 12 causes. These interrupts are vector interrupts with a fixed 
priority sequence. Interrupt causes, jump destination addresses, and interrupt priorities are listed in 
Table 2.5.1. 


Table 2.5.1 Interrupt vector addresses and _ priority 


Priority Interrupt cases Remarks 


Non-maskable 

2 FFFD16 Polarity programmable 

3 FFFB16 Polarity programmable (INT1) 
4 Polarity _ programmable 

5 

6 

7 

8 

9 

10 |A-D conversion interrupt 

41 | BRK _ instruction interrupt Non-maskable software interrupt 





Note: Reset is included in this table because it operates in the same way as an _ interrupt. 


These 12 interrupts have the priorities listed in Table 2.5.1 (but note that a reset input has a higher 
priority than all these interrupts). If two or more interrupts are requested in the same sampling period, 
the interrupt with the highest priority is the only one that is accepted. The priority sequence is deter- 
mined by the hardware, but a variety of interrupt processing options can also be set by software, using 
the interrupt control flags (the interrupt enable bits and the interrupt disable flag). 
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2.5.1 Interrupt causes 
The various interrupt causes are described below. 


(1) INTo, INT1 and key on wake up interrupts 
An interrupt request is generated when either a rising edge or a falling edge is detected in the level 
of the INTo pin or the INT1 pin. The active edge that is detected in this way can be selected by 
setting bit 0 or bit 1 of the active edge selection register (address 00D416). 
The INTo and INT1 pins can also be used as the P30 and P31 pins; the levels at ports P30 and 
P31 are always detected. 
The active edge selection register is cleared to “0016” by a reset, so requests for INTo and ans 
interrupts are generated when falling edges are subsequently detected at those pins. 
After a low power consumption mode has been set by the STP instruction or the WIT instruction, 
interrupts are key on wake up interrupts if bit 5 of the active edge selection register is “1”, or INT1 
interrupts if it is “0”. lf key on wake up interrupts are validated, an interrupt request is generated 
whenever an “L” level voltage is applied to any of the pins of port PO that have been set to input 
mode. 
When a non low power consumption mode is set, both key on wake up and INT1 interrupts are 
invalid if bit 5 of the active edge selection register is set to “1”. 


(2) CNTRo and CNTR1_ interrupts 
An interrupt request is generated when either a rising edge or a falling edge is detected in the level 
of the CNTRo pin or the CNTR1 pin. Use bit 4 of the active edge selection register to determine 
whether the CNTRo pin or the CNTR1 pin is the interrupt input pin. The active edge can be 
selected for each pin by setting bits 2 and 3 of the active edge selection register. 


(3) Timer 1, timer 2, timer 3, and timer 4 interrupts 
An interrupt request is generated when the timer overflows. 


(4) Serial 1/O_ interrupt 
An interrupt request is generated when serial /O transmit or receive is completed. 


(5) A-D conversion interrupt 
An interrupt request is generated when A-D conversion is completed. 


(6) BRK _ instruction interrupt 


The BRK instruction interrupt has the lowest priority of software interrupts; it does not have a cor- 
responding interrupt enable bit and the interrupt disable flag has no effect on it (it is non-maskable). 
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Active edge selection register : EG 
(address 00D416) 


INTo edge selection bit 
0: falling edge 
1: rising edge 


INT1 edge selection bit 
0: falling edge 
1: rising edge 


CNTRo edge selection bit 
0: falling edge 
1: rising edge 


CNTR1 edge selection bit 
0: falling edge 
1: rising edge 


CNTRO/CNTR1 interrupt selection bit 
0: CNTRo 
1: CNTR1 


INT1 source selection bit at WIT or 
STP instruction execution 
0: PSti/INT1 
1: POQo-P07 “L” level input (for key 
on wake up) 





Fig.2.5.1 Structure of interrupt related registers (1) 
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b7 bO 
e g Interrupt request register 1: IR1 | 
(address OOFC16) 


Timer 1. interrupt request bit 


Timer 2 interrupt request bit 


Timer 3 interrupt request bit 
Timer 4 interrupt request bit 
Serial I/O interrupt request bit 


A-D conversion interrupt request bit 


0: no interrupt request 
1: with interrupt request 


Interrupt request register 2 : IR2 
(address OOFD16) 
INTo interrupt request bit 
INT1 interrupt request bit 


CNTRo or CNTR1 interrupt request bit 


0: no interrupt request 
1: with interrupt request 





Fig.2.5.2 Structure of interrupt related registers (2) 
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b0 
Bane Interrupt control register 1 : IE1 
(address OOFE16) 


Timer 1 interrupt enable bit 
Timer 2 interrupt enable bit 
Timer 3 interrupt enable bit 
Timer 4 interrupt enable bit 
Serial |/O interrupt enable bit 


A-D conversion interrupt enable bit 


Q: interrupt disable 
1: interrupt enable 


Interrupt control register 2 : IE2 
(address OOFF16) 


INTo interrupt enable bit 
INT1 interrupt enable bit 


CNTRo or CNTR1 interrupt enable bit 


0: interrupt disable 
1: interrupt enable 





Fig.2.5.3 Structure of interrupt related registers (3) 
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For further details of the various interrupts, see the sections on the corresponding functions. | 

2.5.2. Interrupt control ) 

Each of the M37470’s interrupts is controlled by two bits and one flag: its interrupt request bit, its 
interrupt enable bit, and the interrupt disable flag, as shown in Figure 2.5.4, except for the software 
interrupt set by the BRK instruction. These control bits and control flag are described below. 


(1) Interrupt request bits 
When an interrupt request is generated, the corresponding request bit is set to “1”. The interrupt 
request bit remains set until the interrupt is accepted; it is cleared at the same time that the interrupt 
is accepted. These bits can be cleared by a program, but they cannot be set. 


(2) Interrupt enable bits 
The interrupt enable bits control the acceptance of interrupts. When the bit corresponding to an 
interrupt is “0”, the acceptance of that interrupt is disabled; when the bit is “1”, the corresponding 
interrupt is enabled. 


(3) Interrupt disable flag (|) | 

The | flag is allocated to bit 2 of the processor status register. This flag disables all interrupts 
except the BRK instruction interrupt. When the interrupt disable flag is set to “1”, interrupts are 
disabled; when it is cleared to “0”, interrupts are enabled. Use the SEI instruction to set the interrupt 
disable flag, and the CLI instruction to clear it. 

Once an interrupt service routine has started, the | flag is automatically set to disable multiple 
interrupts. To enable multiple interrupts, specify the CLI instruction within the interrupt service 
routine to clear the | flag. | 


The above control bits and control flag are independent; they do not have any effect on each other. 
An interrupt is generated when the corresponding interrupt request and enable bits are “1” and the 


Interrupt request bit 


Interrupt enable bit 
Interrupt 
Reset process 
BRK instruction start 


Interrupt disable flag 





Fig.2.5.4 Interrupt control 
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interrupt disable flag is “0”. 

2.5.3 Processing at interrupt acceptance | 

When an interrupt is accepted, the currently executing processing is temporarily halted and the appro- 
priate interrupt service routine is executed. After the interrupt service routine ends, the program flow 
must be such that the previous processing continues. 

When the M37470 accepts an interrupt, it automatically pushes the contents of the program counter and 
the processor status register ‘onto the stack. At the same time, it takes the contents of the vector 
corresponding to the accepted interrupt (the start address of the interrupt service routine) from the 
interrupt vector table and puts them into the program counter, then it executes the interrupt service 
routine. 

When the interrupt service routine starts, the request bit corresponding to that interrupt is cleared to “0”, 
and the interrupt disable flag becomes “1” to disable multiple interrupts. (To enable multiple interrupts, 
specify the CLI instruction within the interrupt service routine to clear the | flag.) 

Before an interrupt service routine can be executed, a jump destination address must be set in the 
vector table to correspond to each interrupt. The jump destination addresses of all the interrupts are 
listed in Table 2.5.1. 

Changes in the stack pointer and program counter when an interrupt is accepted are shown in Fig- 
ure 2.5.5. 



















Program counter Stack (in zero page) 


(S) 
PCL Low-order 
Interrupt enable 
PCH High-order 
Stack pointer 


Interrupt accept 









Program counter Stack (in Zero page) 


Loaded contents of the vector ae 
address corresponding to the Contents of processor 
PCu | accepted interrupt Status register 
Low-order of 
Program counter 
High-order of 
Program counter 


Fig.2.5.5 Change of stack pointer and program counter at interrupt receive 














Interrupt disable 





Stack pointer 
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2.5.4 Timing after interrupt 
Figure 2.5.6 shows the timing chart of stack save and interrupt routine start at the interrupt occurrence. 
Figure 2.5.7 shows the operation time before interrupt routine execution. 


Address PO XS KS KX 82K Vector LX Vector HX ADL, ADH 
Data >X__rotuse POH KX POL XPS KX ADL_X_ADH > 


Note : Vector L and vector H are the vector address of each interrupt, and ADH, ADL are the contents of these 
vector address (jump addresses). See Table 2.5.1 for the vector address of each interrupt. 





Fig.2.5.6 Timing chart after interrupt 


The interrupt service routine will start after the completion of the instruction being executed when the 
request occurs. The two conditions that allow for the interrupt to be accepted is the interrupt disable 
flag must be “0” and the interrupt enable bit must be “1” (with the exception of the BRK instruction 
interrupt). 


a request 
15 to 7 cycles (7.5 to 3.5us when 4MHzZ is in —, 


Main routine Interrupt proccess routine 
2 cycles 5 cycles 





Maximum 8 cycles * The dummy cycle to stack save vector fetch 


Minimum 0 cycles process after pipeline 


* At the RRF instruction 





Fig.2.5.7 Operation time before the interrupt routine execution 


42 


FUNCTIONAL DESCRIPTION 
2.6 Timers 





2.6 Timers 


The M37470 has four 8-bit built-in timers, each with an 8-bit timer latch: timer 1, timer 2, timer 3, and 
timer 4. The timers are all of the count-down type—when the counter of a timer reaches “FFi6”, the 
contents of the timer latch decremented by 1 at the next count pulse, is reloaded into the timer, and 
an interrupt request is generated. The divide ratio of a timer is given by 1/(n + 1), where n is the 
contents of the latch (n = 0 to 255). 
Timers can be set by software, and they can be selected in the following modes: 

@ Timer mode 

@ Event count mode 

@ Pulse output mode 

@ Pulse width measuring mode 

@ PWM mode 
A block diagram of the timers is shown in Figure 2.6.1. 
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Data bus 


Timer 1 latch (8) 
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Timer 3 
interrupt request 


Timer 4 
interrupt request 


Port latch eG T34Me- 


T34Ms 
P1a/T1 © =F C 
T34M7 TM27 
P3y¥CNTRi O Loo EGs 
P32/CNTRo O Lost EGe 
P3/INT1 © ood EGi 
P30/INTo © 3 Lo EGo 





sb Selection gate : At reset, shaded side is connected 


Note: The M37470M2, M37470M4, and M37470M8 do not have XCIN input. 


Fig.2.6.1 Timer block diagram 
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2.6.1 Timer 1, timer 2, timer 3 and timer 4 

Each of timer 1, timer 2, timer 3, and timer 4 is an 8-bit timer with an 8-bit timer latch. If a timer 
is specified for a write, the corresponding timer latch is also specified at the same time. Therefore, 
if the value set in the timer is assumed to be nié, the value of the timer latch is also nié. When the 
timer starts to count, the timers value decrements at the fall of each count pulse, in the sequence: n16 
— (ni6-—1) — (n16-2)—-> ..... 116 — 016 — FFi6é. At the fall of the next count pulse after the timer 
reaches “FFi6”, the value (ni6-1) obtained by subtracting one from the reload latch value is set (re- 
loaded) into the timer, and the count resumes. At the rise of the next count pulse after the timer 
reaches “FF16", an overflow occurs, and an interrupt request is generated. Timer count timing is shown 
in Figure 2.6.2. | 


cond FE Te 


f Write ne Za 


Overflow 
f Interrupt request 







Fig.2.6.2 Timer count timing 


(1) Timer 1 
Timer 1 can be used in three modes: timer mode, event count mode, and pulse output mode. Start 
the count of timer 1 by setting bit O of the timer 1, 2 mode register (address OOF816) to “0”. 
In_timer_ mode, an interrupt is generated at constant time intervals. The count source can be 
selected ‘by setting bits 1 and 2 of the timer 1, 2 mode register to specify any one of: the .clock 
oscillation frequency f(XIN) or the clock-function clock oscillation frequency f(XCIN) divided by 16, the 
Clock-function clock oscillation frequency f(XCiIN), or an external clock input through the CNTRo pin. 
Use bit 7 of the CPU mode register to select f(XiIN) or f(XCIN). Do not select f(XCIN) as the count 
source in the M37470M2, M37470M4, and M37470M8. | 
In_event count mode, the operation is the same as in timer mode, except that count source is an 
external clock input through the CNTRo pin. The active edge of input pulses can be selected by 
changing bit 2 of the active edge selection register (address 00D416). When this bit is “0”, pulses 
input through the CNTRo pin are inverted to become count pulses; when this bit is “1”, pulses input 
through the CNTRo pin are used unchanged as count pulses. 
In_ pul , if bit 3 of the timer 1, 2 mode register (address OOF816) is set to “1”, port 
P12 becomes the timer output To, and a signal that is the timer 1 overflow signal divided by two 
is output. To activate pulse output mode, set the P12 direction register to output mode. In this case, 
the initial output value can be set by writing to bit 0 of the timer FF register (address 00F716) while 
bit O of the timer mode register 2 (address OOFA16) is “1” (setting enabled). 
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(2) Timer 2 

Timer 2 can be used in timer mode. Start the count of timer 2 by setting bit 4 of the timer 1, 2 
mode register (address 00F816) to “0”. The count source can be selected by setting bits 5, 6, and 
7 of the timer 1, 2 mode register to specify any one of: the clock oscillation frequency f(XIN) or the 
clock-function clock oscillation frequency f(XCIN) divided by 16, 64, 128 or 256; or the timer 1 
overflow — signal. | 

Use bit 7 of the CPU mode register to select f(XIN) or f(XCIN). Do not select f(XCIN) as the count 
source in the M37470M2, M37470M4, and M37470M8. : 


b/ b0 
Timer 1, 2 mode register : T12M 
(address OOF816) 


Timer 1 count stop bit 
0: count 
1: stop 


Timer 1 count source selection bit 
0: internal clock 
1: CNTRo 


Timer 1 internal clock source selection bit 
O: f(XIN) or f(XCIN) divided by 16 
1: CNTRo 


Port P12/To output selection bit 
0: port P12 
1: To (timer 1 overflow output divided by 2) 


Timer 2 count stop bit 
0: count 
1: stop 


Timer 2 count source selection bit 
0: internal clock 
1: timer 1 overflow signal 


Timer 2 internal clock source selection bit 
00: or f(XCIN) divided by 16 
O01: or f(XCIN) divided by 64 
10: or f(XcIN) divided by 128 
(XCIN) 


or f(XCIN) divided by 256 


Note: Do not select f(XCIN) as the count source in the M37470M2, M37470M4, and M37470M8. 





Fig.2.6.3 Structure of timer 1, 2 mode register 
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(3) Timer 3 

Timer 3 can be used in three modes: timer mode, event count mode, and PWM mode. Start the 
count of timer 3 by setting bit 0 of the timer 3, 4 mode register (address OOF916) to “OQ”. 
In_timer mode, an interrupt is generated at constant time intervals. The count source can be 
selected by setting bits 1 and 2 of the timer 3, 4 mode register and bit 6 of the timer mode register 
2 (address OOFA16) to specify any one of: the clock oscillation frequency f(XIN) or the clock-function 
clock oscillation frequency f(XCIN) divided by 16, the clock-function clock oscillation frequency f(XCIN), 
the timer 1 overflow signal, the timer 2 overflow signal, or an external clock input through the CNTRi1 
pin. | 

Use bit 7 of the CPU mode register to select f(XIN) or f(XCIN). Do not select f(XcIN) as the count 
source in the M37470M2, M37470M4, and M37470M8. | 

Note that, if bits 2 and 1 of the timer 3, 4 mode register are [10] and the timer 1 overflow signal 
is selected as the count source of timer 2, this timer 1 overflow signal is also the count source of 
timer 3, regardless of the value of bit 6 of the timer mode register 2. 

In_event count mode, the operation is the same as in timer mode, except that count source is an 
external clock input through the CNTR1 pin. The active edge of input pulses can be selected by 
changing bit 3 of the active edge selection register (address 00D416). When this bit is “0”, pulses 
input through the CNTR1 pin are inverted to become count pulses; when this bit is “1”, pulses input 
through the CNTR1 pin are used unchanged as count pulses. 

For details of PWM mode, see “2.6.2 PWM mode”. 

For details of the operation when control returns from a low power consumption mode, see “2.12 
Low power consumption modes”. ; 


48 


FUNCTIONAL DESCRIPTION 
2.6 Timers 


b7 b0 
Timer 3, 4 mode register : T34M 
PELE TTT] y adsress OOF 96 


Timer 3 count stop bit 
0: count 
1: stop 


Timer 3 count source selection bit 
OO: f(XIN) or f(XCIN) divided by 16 
O01: f(XCIN) 

10: timer 1 or timer 2 overflow 
11: CNTR1 


Timer 4 count stop bit 
0: count 
1: stop 


Timer 4 count source selection bit 
00: timer 3 overflow signal 
O01: f(XIN) or f(XCIN) divided by 16 
10: timer 1 or timer 2 overflow 
11: CNTR1 


Timer 4 pulse width measuring mode 
0: timer mode 
1: pulse width measuring mode 


Port P13/T1 output selection bit 
0: port P13 
1: Ti(timer 4 overflow output divided 
by 2 or PWM output) 


Note: Do not select f(XCIN) as the count source in the M37470M2, M37470M4, and M37470M8. 





Fig.2.6.5 Structure of timer 3, 4 mode register 


Timer FF register : TF 
(address OOF 716) 


Timer 1 overflow flip-flop 


Timer 4 overflow flip-flop 





Fig.2.6.6 Structure of timer FF register 
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(4) Timer 4 
Timer 4 can be used in five modes: timer mode, event count mode, pulse output. mode, external 
pulse width measuring mode, and PWM mode. _ Start the count of timer 4 by setting bit 3 of the 
timer 3, 4 mode register (address OOF916) to “0” when bit 6 of the same register is “0”. Set bit 6 
of the timer 3, 4 mode register to “1” to activate pulse width measurement mode, and set bit 3 to 
“1” to stop timer 4. Timer 4 also has an input latch function whereby the level of an external input 
pin can be latched in the input latch register when timer 4 overflows. 
In_timer mode, an interrupt is generated at constant time intervals. The count source can be 
selected by setting bits 4 and 5 of the timer 3, 4 mode register and bit 6 of the timer mode register 
2 to specify any one of: the timer 3 overflow signal, the clock oscillation frequency f(XIN) or the 
clock-function clock oscillation frequency f(XCIN) divided by 16, the timer 1 overflow signal, the timer 
2 overflow signal, or an external clock input through the CNTR1 pin. 
Use bit 7 of the CPU mode register to select f(XIN) or f(XCIN). Do not select f(XcIN) as the count 
source in the M37470M2, M37470M4, and M37470M8. 
Note that, if bits 5 and 4 of the timer 3, 4 mode register are [10] and the timer 1 overflow signal 
is selected as the count source of timer 2, this timer 1 overflow signal is also the count source of 
timer 4, regardless of the value of bit 6 of the timer mode register 2. 
In_event count mode, the operation is the same as in timer mode, except that count source is an 
external clock input through the CNTR1 pin. The active edge of input pulses can be selected by 
changing bit 3 of the active edge selection register (address 00D416). When this bit is “0”, pulses 
input through the CNTR1 pin are inverted to become count pulses; when this bit is “1”, pulses input 
through the CNTR1 pin are used unchanged as count pulses. 
In__pul , if bit 7 of the timer 3, 4 mode register is set to “1”, port P13 becomes the 
timer output T1, and a signal that is the timer 4 overflow signal divided by two is output. To activate 
rectangular waveform mode, set the P13 to output mode. In this case, the initial output value can 
be set by writing to bit 1 of the timer FF register (address 00F716) while bit 1 of the timer mode 
register 2 (address OOFAi6) is “1” (setting enabled). 
In pulse width measuring mode, the “H” level width or the “L” level width of the signal input to either 
the CNTRo pin or the CNTR1 pin can be measured. To activate external pulse width measuring 
mode, set bit 6 of the timer 3, 4 mode register to “1”. Select the count source with bits 4 and 5 
of the timer 3, 4 mode register, then set bit 3 to “0” to count the number of timer 4 pulses generated 
while the signal at the CNTRo pin or the CNTR1 pin are either “H” or “L”. 
Select either the CNTRo pin or the CNTRi1 pin by bit 4 of the active edge selection register (address 
00D416), and select either the count during the “H” interval or the count during the ‘“L” interval by 
bit 2 or bit 3 of the same register. When the edge selection bit is “0” (falling edge), pulses 
generated during the “H” interval are counted; when the edge selection bit is “1” (rising edge), pulses 
generated during the “L” interval are counted. 
For details of PWM mode and the input latch function, see the appropriate sections. 
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2.6.2 PWM mode 

The M37470 can output PWM waveforms from the 7T1 pin, using timer 3 and timer 4. 

Set bit 7 of the timer mode register 2 (address OOFA16) to “1” to set timer 3 and timer 4 to PWM mode 
and set bit 7 of the timer 3, 4 mode register (address O0F916) to “1” to make port P13 the timer output 
T1 pin. In this case, set the port P13 to output mode. 

Select a count source in the same way as when timer 3 and timer 4 are operating as ordinary timers 
(in timer mode or event count mode), and put them in operating status. Do not select the timer 3 
overflow signal as the count source for timer 4. 

When PWM mode is active, timer 3 counts pulses and timer 4 is stopped while the PWM waveform 
is “L’. When timer 3 overflows, the PWM waveform goes “H”, timer 3 stops, and timer 4 starts to count 
pulses. When timer 4 overflows, the PWM waveform goes “L”, timer 4 stops, and timer 3 again starts 
to count pulses. Therefore, the “L” level width of the PWM waveform is set by timer 3, and the ‘H” 
level width is set by timer 4. 

lf either timer 3 or timer 4 is written to while it is operating in PWM mode, only the corresponding latch 
is written to; the timer itself is not overwritten. When that timer subsequently overflows, the value 
obtained by subtracting one from the reload latch value is set (reloaded) to the timer. If a timer is 
written to while it is stopped in PWM mode, the values in both the timer and the timer latch are 
overwritten. 

When operation changes from another mode to PWM mode, the PWM waveform starts at “L”. 





T1 (P13) 
output waveform 


Timer 3 Timer 4 


Fig.2.6.7 PWM waveform 


Timer mode register 2 : TM2 
(address OOFA(16) 


Timer 1 overflow flip-flop set enable bit 
0: set disable 
1: set enable 


Timer 4 overflow flip-flop set enable bit 
0: set disable 
1: set enable 


Timer 3 and timer 4 count overflow signal selection bit 
0: timer 1 overflow signal 
1: timer 2 overflow signal 


Timer 3 and timer 4 function selection bit 
0: normal mode 
1: PWM mode 


Fig.2.6.8 Structure of timer mode register 2 
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2.6.3 Input latch function | 

The M37470 has a function that latches the levels of the INTo, INT1, CNTRo, and CNTR1 signals in 
an input latch register (address 00D616) after timer 4 overflows. This function enables the user to 
accurately determine the levels of the pins at the instant that timer 4 overflowed. The active edges 
of the pins’ signals latched in the input latch register are selected by the corresponding bits of the 
active edge selection register (address 00D416). When bit 0 of the active edge selection register is “0”, 
the level of the INTo pin is inverted then latched; when it is “1”, the level of the INTo pin is latched 
as it is. Similarly, when bit 1 is “0”, the level of the INT1 pin is inverted then latched; when it is “1”, 
the level of the INT1 pin is latched as it is. When bit 2 is “0”, the level of the CNTRo pin is inverted 
then latched; when it is “1”, the level of the CNTRo pin is latched as it is. When bit 3 is “0”, the level 
of the CNTR? pin is inverted then latched; when it is “1”, the level of the CNTRo pin is latched as it 
is. 


bO 
SS Input latch register : ILR 
: | (address O0D616) 


P30/INTo latch bit 
When this bit is “0”, the level of the 
INTo pin is inverted then latched; when 
“4”, the level of the INTo pin is latched 
as it is. 


P3i/INT1 latch bit | 
When this bit is “O”’, the level of the 
INT1 pin is inverted then latched; when 
“1”, the level of the INT1 pin is latched 


as it Is. 


P32/CNTRo latch bit 

_ When this bit is “0”, the level of the 
CNTRo pin is inverted then latched; 
when “1”, the level of the CNTRo pin 
is latched as it is. 


P33/CNTR1. latch bit | 
When this bit is “0”, the level of the 
CNTR1 pin is inverted then latched; 
when “1”, the level of the CNTR1 pin 
is latched as it is. 





Fig.2.6.9 Structure of input latch register 
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bO 
Active edge selection register : EG 
(address 00D416) 


INTo edge selection bit 
0: falling edge 
1: rising edge 


INT1 edge selection bit 
0: falling edge 
1: rising edge 


CNTRo edge selection bit 
0: falling edge 
1: rising edge 


CNTR1 edge selection bit 
0: falling edge 
1: rising edge 


CNTRO/CNTR1 interrupt selection bit 
0: CNTRo 
1: CNTRi 


INT1 source selection bit at WIT or STP instruc- 
tion execution 

0: PSi/INT1 

1: POQo-P07 “L” level (for key on wake up) 





Fig.2.6.10 Structure of active edge selection register 
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27 Serial /O 


The serial I/O function can transmit and receive 8-bit data in serial by a clock-synchronized method. 


2.7.1 Structure of serial I/O section 

The serial I/O section consists of a serial I/O register (address 00DD16), a serial I/O mode register 
(address 00DC16), a synchronization clock generating circuit, and a byte counter (address OODEis6). A 
block diagram of the serial I/O section is shown in Figure 2.7.1, and the structure of the serial I/O mode 
register is shown in Figure 2.7.2. | | 

The serial I/O register is an 8-bit serial-to-parallel conversion register for data transfer. During trans- 
mission, it sends data one bit at a time, starting at the least significant bit; during reception, it receives 
data one bit at a time, starting at the most significant bit. The transfer clock for serial data can be 
selected as one of: the clock oscillation frequency f(XIN) or the clock-function clock oscillation frequency 
f(XCIN) divided by 8, 16, 32, or 512: or an external clock. The M37470 also has a byte specification 
mode that uses the byte counter. 


CM 


1/2 |1/4 11/64 


O O © O SMi 
SA 
Bey SMe O ® 0) b SMo 


SRDY nc. circuit ~ 
b- 
CLK input 


| 


CLK output Serial 1/O counter (3) Serial 1/O 


interrupt request 


Serial I/O register (8) 
C | 


+} Selection gate : At reset, shaded side is connected 


Note: The M37470M2, M37470M4, and M37470M8 do not have XCIN input. 





Fig.2.7.1 Serial /O block diagram 
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Serial I/O mode register : SM 
- (address O00DC16) 


Internal clock selection bit 
00: f(XIN) or f(XCIN) divided by 8 
01: f(XIN) or f(XCIN) divided by 16 
10: f(XIN) or f(XCIN) divided by 32 
11: f(XIN) or f(XCIN) divided by 512 
Synchronization clock selection bit 
0: external clock 
1: internal clock 


Serial I/O port selection bit 
0: normal port (P15, P16) 
1: serial I/O port (SOUT, CLK) 


SRDY signal output selection bit 
0: Normal port (P17) 
1: SRDY signal output 


SRDY signal selection bit 
0: SRDY signal 
1: SARDY signal 


Serial I/O byte specification mode selection bit 
0: normal mode 
1: byte specification mode 


— P15/SOUT, SRDY output format selection bit 
0: CMOS output 
1: N-channel open drain output 





Fig.2.7.2 Structure of serial /O mode register 
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2.7.2 Serial I/O data receive 


An example of the setting of the serial I/O mode register for data reception is shown in Figure 2.7.3. 


b7 bO 
«To ToT s[s [x [x] x] sonst 10 nese 
| [aia aaa Select the synchronization clock 


Select the SouT pin and CLK pin (*1) 


Select the SRDY signal output 


Select the SRDY signal 
Select the normal mode 


Select the output format 


*1: When external clock is selected, this pin can also be used as an ordinary port. However, 
port P16 must be set to input mode. | 


Fig.2.7.3 Example of the serial I/O mode register setting (data receive) 





In addition, set the bit 4 of the port P1 (SIN pin) direction register to “O” to set the port P14 to input 
mode. | 

When the above settings are completed, write dummy data to the serial I/O register (address 00DD16) 
(if external clock is selected, write when the transfer clock is “H”)—the serial I/O counter will be set to 
“7”, and the transfer clock will be forced to “H”. The transfer clock then goes “H” — “L” — “H” eight 
times and stops. Receive data input through the SIN pin is then input to the serial I/O register one 
bit at a time in synchronism with rising edges of the transfer clock, starting at the most significant bit 
(bit 7), and the contents of this register are shifted toward the least significant bit each time new data 
is input. 3 

Once eight bits of data have been input in this way, an interrupt request is generated at the rise of 
the last transfer clock, and the serial I/O interrupt request bit (bit 6 of the interrupt request register 1) 
is set. 

When an external clock is selected, the contents of the serial I/O register will continue to shift while 
the transfer clock is being input, so the transfer clock must be stopped externally to prevent this shift. 


Note: When the SouT pin is selected, data written to the’ serial I/O register is output from the SOUT pin 
in synchronism with the falling edge of the transfer clock. 


MSB LSB 
= 
aa 

SSN 


> [De] D1 | Do KASS 


® 
D7] Ds | Ds | De | Ds | De | Dt | Do | 


Transfer clock Serial 1/O register 





Fig.2.7.4 Serial I/O register at receiving 
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2.7.3 Serial /O data transmit 
An example of the setting of the serial I/O mode register for data transmission is shown in Figure 2.7.5. 


b7 b0O 
PDT ToT Tx Te] x] st 10 mse at 


Select the synchronization clock 


Select the SOUT pin and CLK pin 


Select the normal port 
Select the normal mode 


Select the output format 





Fig.2.7.5 Example of the serial /O mode register setting (data transmit) 


When the above settings are completed, write the data to be transmitted into the serial //O register 
(address OODD16) (if external clock is selected, write when the transfer clock is “H’)—the serial W/O 
counter will be set to “7”, and the transfer clock will be forced to “H’. The transfer clock then goes 
“H” — “L” > “H” eight times and stops. Transmission data output from the SOUT pin is then output 
one bit at a time from the serial I/O register in synchronism with falling edges of the transfer clock, 
starting with the least significant bit, and the contents of the serial I/O register are shifted toward the 
least significant bit each time one bit of data is output. 

Once eight bits of data have been output in this way, an interrupt request is generated at the rise of 
the last cycle of the transfer clock, and the serial I/O interrupt request bit (bit 6 of the interrupt request 
register 1) is set. 

When an external clock is selected, the contents of the serial I/O register will continue to shift while 
the transfer clock is being input, so the transfer clock must be stopped externally to prevent this shift. 


MSB LSB 
MSC ces 
SN br [be [bs] bs [Os] Der] vo 
SSE 
RQQQYy D7 [Ds | Ds | Ds | Ds | De 


WU UU UU RS hn wi & 


Transfer clock Serial I/O register 





Fig.2.7.6 Serial /O register at transmitting 
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Table 2.7.1 shows the corresponding between serial I/O relation ports and serial I/O mode register. 


Table 2.7.1 Corresponding between serial I/O relation ports and serial I/O mode register. 


Serial /O mode register 
Ports 


P17/SRDY SRADY CMOS 


‘bt 4 bit 3 bit 2 





P1 
SOUT CMOS 
N-channel 


Figure 2.7.7 shows the connection example of serial I/O transfer. And Figure 2.7.8 shows the data transfer 
operation sequence, and Figure 2.7.9 shows its timing diagram. , 


XK |X |X |XIALOX [TX |X |X 


— 

a 

a | 

CLK * | 

Pte/ ‘input id 
LK 

ee ee 

ps es 

a ee 

0 

ae aa 


Transmit side (M37470) Receive side (M37470) 


serial I/O mode register serial 1/O mode register 


Cee eae | ROS 


set to input mode — P17 | P17/SRDY 


P16/CLK CLK 


Serial data 
P15/SOUT 


Fig.2.7.7 Connection example of serial I/O transfer (normal mode) 


P16/CLK 


P14/SIN~ set to input mode 
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Fig.2.7.8 


2./ Serial 


Transmission side Reception side 


Set port P17 to the input mode set port P14 to the input mode 
CLB 7,5$C3 CLB 4,$C3 


Set serial /O mode register Set serial /O mode register 
LDM #$0D,$DC LDM #518,$DC 


Clear serial /O interrupt request bit Clear serial I/O interrupt request bit 
CLB 6,$FC CLB 6,$FC 
SEB 6, 





Set serial I/O interrupt enable bit Set serial VO interrupt request bit 
6, SFE SEB 6,5FE 


Write dummy data to the serial I/O 
register, set SRDY to “L” 
LOM #SFF, SDD 


Check the port P17—if it is at “L’, 
proceed to data output sequence 
TEST:BBS 7,$C2,TEST 


Write transfer data into serial |/O 
register 
LDM #DATA, SDD 


The above process transfers one byte of data from the transmission side to the 
reception side. At completion, both sides generate an interrupt request, which 
posts the completion of data transfer. Further data can then be transferred by 
repeating the processing from the asterisk (*) onward in the figure. 

The steps (1) and (2) are corresponding to the figure 2.7.9. 


Serial /O data transfer operation sequence (normal mode) 


VO 





O99 


09 


6'Z'2' bi 


(apow jewsoU) Jeysues} BIep O/| jeues Jo wesbeip Buri) 


Transmission side 
serial I/O register 


CLK 


Serial data 


SRDY 


Reception side 
serial I/O register 


O-> 








D7 


Dé i D7 
D5 Dé 
D4 D5 
D3 D4 
D2 D3 


Cor Xo Xo Xs Xo) 


D2 
D1 
Do 


D7 
D6 
D5 
D4 


D3 
D2 
D 1 
Do 


D7 
Dé 
D5 


D4 
D3 
D2 
D 1 
Do 


D5 
D4 
D3 
D2 
D1 
Do 





D7 











D7 
Dé 


D5. 


D4 
D3 
D2 
D1 


1 Do 
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2.7.4 Byte specification mode 

The M37470’s serial I/O function also has a byte specification mode which is useful when the serial |/ 
O circuits of more than one microcomputer are connected together and data is being transferred 
between the microcomputers over a single serial I/O bus. In other words, this mode can lighten the 
software load—if only one byte of data in a specific cycle is to be transferred from among a number 
of bytes of data being transferred over the serial I/O bus, the user can write the number of that cycle 
(e.g., the nth cycle) into the byte counter to specify that the software does not need to perform serial 
(/O-related processing during other cycles. 

An example of the setting of the serial I/O mode register for byte specification mode is shown in Figure 
2.7.10. 


b/ bOQ 
PD TPT LT Te] ] seit 10 rie me 


Select the external clock (*1) 


Select the SOUT pin and CLK pin (*2) 
Select the SRDY signal output 

Select the SRDY signal 

Select the byte specification mode 


Select the output format 


*1: In this mode, external clock must always be selected as the synchronization clock. 
*2: Can also be used as an ordinary port during reception. However, port P16 must then be 
set to input mode. 





Fig.2.7.10 Example of the serial /O mode register setting (byte specification mode) — 


For reception, set the bit 4 of the port P1 (SIN pin) direction register to “O” to set the port P14 to input 
mode; for transmission, set bit 3 of the serial I/O mode register to “1” to select the SOUT pin. 


After setting the serial I/O mode register, write into the byte counter the number of bytes after which 
the serial transfer is to occur. If the value written to the byte counter is n, serial transfer occurs at 
the clock for the (n+1)th byte. 

When the data to be transmitted (or dummy data, for data reception) is written to the serial I/O register, 
the transfer operation starts. The value in the byte counter is decremented by 1 at the input of each 
8 cycles of the transfer clock. When this value reaches “0”, serial transfer occurs for the next 8 cycles 
only, in exactly the same way as in normal mode. The transfer clocks up to that point do not cause 
any serial transfer. The byte counter is then decremented by 1 again to become 15, and the serial 
transfer stops. 

While the value in the byte counter is not “0”, the output from the SOUT pin goes “H” at the fall of the 
first transfer clock. Therefore, if the output format of the SOUT pin is set to N-channel open drain, the 
SOUT pin will be at high impedance, so there is no need to connect it to the SOUT pins of the other 
microcomputers. 


61 


FUNCTIONAL DESCRIPTION 
| 2.7 Serial V/O 





A serial I/O interrupt request is generated only after the value in the byte counter has reached “0” and 
the serial transfer has ended. 

An external clock can be used as the transfer clock in byte specification mode, but in that case data 
can be written to the serial I/O register if the value of the byte counter is not “0”, even when the trans- 
fer clock is “L”. | 

The serial I/O counter is allocated to the same address as the byte counter but, since the serial I/O 
counter is a read-only register, writing to the byte counter has no effect on it. The byte counter does 
not have a reload function, so a new value must be set in it to transfer the next data. 


2.7.5 SRDY signal and SARDY signal 
When the P17 pin is being used as the SRDY pin, output of either the SRDY signal or the SARDY signal 
can be selected by bit 5 of the serial I/O mode register. 


(1) SRDY signal 
The SRDY signal informs the other partner of data transfer between microcomputers that preparations 
for serial transfer are completed. 
In normal mode, the SRDY signal goes “L” when data is written to the serial I/O register. It then 
goes “H” at the fall of the first transfer clock. 
The SRDY signal always goes “L” when data is written to the serial I/O register, then “H” at the fall 
of the first transfer clock, regardless of the value in the byte counter, even if byte specification mode 
is activated. 
(2) SARDY signal 
_ The SARDY signal is the same as the SRDY signal in that it informs the completion of serial transfer 
preparations. 
In normal. mode, the SARDY signal goes “H” when data is written to the serial I/O register. After 
transfer is completed, the SARDY signal goes “L” at the rise of the final cycle of the transfer clock. 
The SARDY signal always goes “H” when data is written to the serial I/O register, then “L” at the 
rise of the final cycle of the transfer clock after the value in the byte counter reaches “0”, even if 
byte specification mode is activated. _ 
In byte specification mode, if the SRDY pins of more than one microcomputer are connected together, 
with the SARDY signal selected and N-channel open drain selected for the output format, the SARDY 
signal goes “H” only when transfer preparations are completed in all of the microcomputers. 
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Figure 2.7.11 shows the connection example of serial I/O transfer at byte specification mode. And Figure 2.7.12 
shows the data transfer operation sequence at byte specification mode, and Figure 2.7.13 shows its timing 
diagram. 


Transmission side (M37470) 


Serial /O mode register 


of; o}o}oliti} ij o| 


Set bit 7 of the port P1 
direction register to "0" and bit 
1 of the ports P1 to P5 pull-up 
control register to “1” to select 
the port P17 input mode with 
pull-up transistor. 


P17 Pte/CLK P15/SouT Pio 











Serial data 


Transmission/reception| | 
ready signal 








P17/Srapy P16/CLK P14/Sin Po P17/Srpy Pie/CLK P14/Sin Pio P17/SRpY P1e/CLK P14/Sin Po 


Set bits 0 and 4 of the port 
P1 direction register to “O” to 
select the ports Pio and P14 
input mode. 


Set bits 0 and 4 of the port 
Pi direction register to “O” to 
select the ports P10 and P14 
input mode. 


Set bits 0 and 4 of the port 
P1 direction register to “O”" to 
select the ports Pio and P14 
input mode. 


Serial |/O mode register 


te fete aa tO e. 0 


Byte counter (initial value) = 0 





reception side 1 (M37470) 


Fig.2.7.11 


Serial I/O mode register 





Connection example of serial I/O transfer 


1) 174; 7}1)0]0] 0 


Byte counter (initial value) = 1 


reception side 2 (M37470) 


Serial |/O mode register 





Ae ete. On 


Byte counter (initial value) = 2 


reception side 3 (M37470) 





(byte specification mode) 


FUNCTIONAL DESCRIPTION 


2./ Serial I/O 





Transmission side 


Reception side 1 










¢ Set the port P17 to input mode. 





¢ Connect the pull-up transistor 
to the port P17. 


¢ Set the port P10 to output 
mode. 
CLB 7,$C3 


SEB 1,$D1 
SEB 0,$C3 


¢ Set the port P14 to input mode. 
* Set the port P10 to input mode. 
CLB 4,$C3 
CLB0,$C3 


¢ Set the serial I/O mode register. 


¢ Set the serial I/O mode register. 
LDM #$F8,$DC 


LDM #$0E,$DC 










¢ Clear the serial 1/O interrupt 
request bit. 
| CLB6,$FC 
* Set the serial I/O interrupt 
enable bit. 
SEB 6,$FE 


Output “L” as the transmission/ 
fone ready signal from port Pto. ix 
bs 


¢ Clear the serial i/O interrupt 


request bit. 
CLB 6,$FC 
° Set the serial I/O interrupt 


enable bit. 
SEB 6,$FE 














« Check the port P1o. If its level 

becomes "L”, it turns into the 

data input sequence. 
TEST1:BBS 0,$C2,TEST1 


« Set the byte counter to “0”. 
LDM #$00,$DE 


¢ Write the dummy data to serial 
/O register to set the SARDY 
signal to “H”....(4) 
LDM #$FF,$DD 






¢ Check the port P17. If its level 
becomes “H”, it turns into the. 
data output sequence. 
TEST:BBC 7,$C2,TEST 





¢ Write the transfer data to 
reception side 1 to serial /O 
register....(4) 

LDM #DATA1,$DD © 





¢ Write the transfer data to 
reception side 2 to serial I/O 
register....(5) 

LDM #DATA2,$DD 


Serial /O interrupt occurrence 
by completion of transmission 








¢ Write the transfer data to 
reception side 3 to serial /O 
register. ...(6) 
LDM #DATA3,$DD 


_ Serial /O interrupt occurrence 


by completion of transmission 









Serial VO interrupt occurrence 
by completion of reception 


Reception side 2 


¢ Set the port P14 to input mode. 
¢ Set the port P10 to input mode. 
CLB 4,$C3 
CLB 0,$C3 


¢ Set the serial I/O mode register. 
LDM #$F8,$DC 


* Clear the serial I/O interrupt 
request bit. 


CLB6,$FC . 


* Set the serial I/O interrupt 


enable bit. 
SEB 6,$FE 


¢ Check the port P1o. If its level 

becomes “L”, it turns into the 

data input sequence. 
TEST2:BBS 0,$C2,TEST2 


¢ Set the byte counter to mq, 
LDM #$01,$DE 


¢ Write the dummy data to 
serial I/O register to set the 
SARDY signal to “H”....(3) 
LDM #$FF,$DD 


Serial /O interrupt occurrence 


by completion of reception 





_ Serial VO interrupt occurrence 


Reception side 3 















¢ Set the port P14 to input mode. 
¢ Set the port P10 to input mode. 
CLB 4,$C3 

CLB 0,$C3 





* Set the serial /O mode register. 
LDM #$F8,$DC 






* Clear the serial 1/O interrupt 
request bit. | 
CLE 6,$FC 


¢ Set the serial I/O interrupt 
enable bit. 
SEB 6,$FE 










« Check the port Po. If its level 
becomes “L”, it turns into the 
data input sequence. 
TEST3:BBS 0,$C2,TEST3 






¢ Set the byte counter to “2”. 
LDM #$02,$DE 


* Write the dummy data to serial | 
/O register to set the SARDY 
signal to “H”....(2) 

LDM #$FF,$DD 





by completion of reception 





The above processing serially transfers data 1 to reception side 1, data 2 to reception side 2, 


and data 3 to reception side 3, all from the transmission side. 


A corresponding interrupt is 


generated when each data transfer ends, so the transmission side can know when data transfer 
is completed. Further data can then be transferred by repeating the processing from the asterisk 


(*) onward in the figure. 


Fig.2.7.12 


Serial I/O data transfer operation sequence (byte specification mode) 
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2.0 A-D converter 


The A-D converter built into the M37470 has the following characteristics: 
~ @ Analog input pins: 8 channels (also used as port P2) 

@ Conversion method: Successive approximation comparison 

_@ Resolution: 8 bits 

@ Non-linearity error: +2 LSB 

@ Conversion speed: 25us (at f(XIN) = 4MHz) 
A block diagram of the A-D converter is shown in Figure 2.8.1. 


A-D control register — 
(address 00D916) 


— > aaa 
mas Z | 
Comparator A-D conversion register 

(address OODAie) 


P2e/INe C) 
Ladder resistor 
pons; O—Al» 


(Note 1) A 
he) 4 


Vss VREF 
(Note 2) 


‘P22/IN2 C)— 


P2yIN3s C) 


P2a/INa C ) 


i 
Oo 
~~ 
© 
& 
®@ 
” 
@® 
Cc 
Cc 
© 
<= 
O 


P2s/INs C ) 


Note 1: The M37470M2, M37470M4, and M37470M8 do not have the P24/IN4 to P27/IN7 pins. 
2: AVss for 56-pin QFP type. 





Fig.2.8.1 A-D converter block diagram 
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2.8.1 Block description 


(1) A-D conversion register (address OODA(16) 
The A-D conversion register is a read-only register that contains the result of an A-D conversion. Do 
not read the contents of this register during A-D conversion. 


(2) A-D control register (address O00D916) 
The A-D control register controls the A-D conversion process. Bits 0 to 2 of this register are analog 
input selection bits that enable analog input from specific analog input pins. Pins that are not being 
used for analog input can be used as ordinary |/O ports. 
Bit 3 is an A-D conversion completion bit—A-D conversion starts when “0” is written to this bit. The 
value of this bit remains at “Q” during A-D conversion, then changes to “1” at the same time that 
A-D conversion ends. 
Bit 4 is a VREF connection selection bit that controls a connection switch between ladder resistors 
and the VREF pin. When A-D conversion is not being used, set this att to “0” to disconnect the 
ladder resistors from VREF and thus reduce power consumption. 


(3) Comparator and control circuit 
The comparator and control circuit compare an analog input voltage with a comparison voltage then 
store the result in the A-D conversion register. When A-D conversion is complete, the control circuit 
sets the A-D conversion completion bit and the A-D conversion interrupt request bit to “1”. 


A-D control register : ADCON 
(address 00D916) 


Analog input selection bit 
000: P2o/INo 
001: P2i/IN1 
010: P22/IN2 
011: P23/IN3 
100: P24/IN4 
101: P2s/INs5 
110: P2e6/Ne 
111: P27/IN7 


A-D conversion completion bit 
QO: during conversion 
1: conversion completion 


connection selection bit 
0: VREF connection cut 
1: VREF connected 





This bit is always set to “0” 


Note: The M37470M2, M37470M4, and M37470M8 do not have the P24/IN4 to P27/IN7 pins. 





Fig.2.8.2 Structure of A-D control register 
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2.8.2 Method of use 
The A-D conversion method is described below. 


(1) Clear the A-D conversion interrupt request bit of the ‘interrupt request register 1 to “OQ” (the A-D 
conversion interrupt request bit is not cleared automatically, even when A-D conversion starts). 


(2) If using A-D conversion interrupts, enable interrupts by setting the A-D conversion interrupt enable 
bit to “1” and clearing the interrupt disable flag to “O”. 


(3) Set the VREF connection selection: bit of the A-D control register to “1”, to connect VREF to the 
ladder resistors. ; 


(4) Select analog input pins by setting the analog input selection bits of the A-D control register. 


(5) Clear the A-D conversion completion bit of the A-D control register to “0”. This write operation starts 
the A-D conversion. Remember not to read the A-D conversion register during the A-D conversion. 


(6) Verify the completion of the conversion from the status of the A-D conversion completion bit, the 
status of the A-D conversion interrupt request bit, or the presence of an A-D conversion interrupt. 


(7) Read the A-D conversion register to obtain the conversion result. 


Note: If the ladder resistors are disconnected from VREF, clear the VREF connection selection bit be- 
tween steps 6 and 7. 


68 


FUNCTIONAL DESCRIPTION 
2.8 A-D converter 





2.8.3 Operation 
A-D conversion starts when “0” is written to the A-D conversion completion bit. Operations within the 
M37470 during the A-D conversion are described below. 


(1) When A-D conversion starts, the A-D conversion register is cleared to “0016”. 


(2) Next, the most significant bit of the A-D conversion register is set to “1”, and the comparison voltage 
Vref is input to the comparator. At this point, the analog input voltage VIN is compared with Vref. 


(3) If the result of the comparison is Vref < VIN, the most significant bit of the A-D converter register 
remains at “1” as set. If Vref > VIN, the most significant bit is cleared to “0”. 


The above steps are repeated down to the least significant bit, to convert the analog value into a digital 
value. The A-D conversion ends 50 machine cycles (25s, when f(XiIN) = 4MHz) after it starts, and 
the conversion result is stored in the A-D conversion register. 

An A-D conversion interrupt request is generated at the same time that the A-D conversion ends, and 
the A-D conversion interrupt request bit is set to “1”. The A-D conversion completion bit is also set 
to “1”. 


Relationship between Vref and VREF 





When n 0 Vref = 0 


When n 1 to 255 Vref = VREF / 256 x (n — 0.5) 


Where n is the value in the A-D conversion register (decimal notation). 


Table 2.8.1 Change of A-D conversion register during A-D conversion 


Change of A-D conversion register Comparison voltage (Vref) value 


Conversion start 10{0/0}/0{0/ 0] 0] 0, 0 
1st comparison rt [oO [ofo[o]ofo]ol we 2 oe 


2nd comparison M111} O10]0[o0}0] 0 a + ver = er 
3rd comparison *1{*2]1]0;0]/ 0/0] 0| “REE 2 VEEE ‘ vRee = veer 


After 8th comparison Result of A-D conversion 





“1 ]*2}*3)*4]*s|*6/*7]*8 


*4: 1st comparison result *2: 2nd comparison result 
*3: 3rd comparison result *4: 4th comparison result 
“5: 5th comparison $result *6: 6th comparison result 
*7: 7th comparison result *8: 8th comparison result 
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2.8.4 Definition of A-D conversion precision 
A-D conversion precision is defined below (see Figure 2.8.3). 


(1) Relative precision 


@® Zero transition error (VOT) | 
The zero transition error is the variation of the input voltage when the A-D converter output data 
changes from “0” to “1”, from the ideal A-D converter characteristic between OV ‘and VREF. 


VoT = (Vo— 1x VREF )/ 4LSBrR [LSB] 





2 512 


@ Full-scale transition error (VFST) _ 
The full-scale transition error is the variation of the input voltage when the A-D converter output data 
changes from “255” to “254”, from the ideal A-D converter characteristic between OV and VREF. 


_ _ 3. VREF < | 
VFst = {(VREF— 5- x “E) — Vasa} / 1LSBR [LSB] 





@ Non-linearity error : 
The non-linearity error is the variation of the actual A-D conversion characteristic, from the ideal 
characteristic between Vo and V254. 


Non-linearity error = {Vn — (1LSBR x n+Vo)} / 1LSBR_ [LSB] 
@ Differential non-linearity error | 
The differential non-linearity error is the variation of the input voltage required to change the output 


data by “1”, from the ideal characteristic between Vo and V254. 


Differential non-linearity error = {(Vni1 — Vn) — 1LSBR} / 1LSBR [LSB] 


(2) Absolute precision 

® Absolute precision 

The absolute precision is the variation of the actual A-D conversion characteristic, from the ideal 
characteristic between OV and VREF. 


Absolute precision = {Vn - 1LSBA x (n + +) / 1LSBA [LSB] 


Vn: Analog input voltage when output data varies from n to (n+1), where n = 0 to 254 


¢ 1LSBR = So (V) — 1 LSB with respect to relative precision 
- 1LSBa = VREF (vy) -» 1 LSB with respect to absolute precision 


256 


70 


FUNCTIONAL DESCRIPTION 
2.8 A-D converter 






























Output 
data Full-scale transition error (Vest) 
CES Sr are er arn miata ae pe ie ep a ae a ye ne ee eae ge ape ee ek ghee OL ee A Fz 
FT a lec sae at 
3 
Differential > LSBA | 
non-linearity error a / ! 
Biel RE OR Re Se Re oe ne ae es | 
pe cee ee ere ey ge ee ie : ! 
Actual A-D } VA iit Non-linearity error ! 
conversion characteristic | Y ea ! ! 
Ba ee , | 
' Absolute precision ! 
Ideal A-D conversion ! ! 
characteristic between ! ! 
O and Vrer 
_1LSBA | | : | 
Zero transition vile ZL ! ! ! ! 
error EL VA Ideal line of A-D ! ! ! ! 
vy, conversion between | ! ! ! 
“g LSBA a Vo and V254 ! 
a) aes = 
0 aon Hl ' | ' 
Vo V1 Vn Vn+1 V254 VREF 


Analog voltage 


Fig.2.8.3 Definition of A-D conversion precision 
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2.9 Key on wake up 


A key on wake up interrupt is one of the various methods available of recovering from low power 
- consumption modes in the M37470. 

To return to the normal operating status from a low power consumption mode, generate an interrupt by 
applying an “L” level voltage to any of the port PO pins after bit 5 of the active edge selection register 
has been set to “1”. This means that the user can create an active“L” key matrix for input to the port 
PO pins, so that the return to normal status can be activated by pressing a key. The interrupt vector 
of the key on wake up interrupt is common with that of the INT1 interrupt. Select the key on wake 
up interrupt by setting bit 5 of the active edge selection register fo “1”. If this bit is “1” in a non low 
power consumption mode, both INT1 interrupts and key on wake up interrupts are invalid. 

If activating a low power consumption mode by the STP or WIT instruction when the interrupt disabled 
flag is “O” and also bit 5 of the active edge selection register is “1”, set all the inputs to the port PO 
pins to “H”. 

For details of the low power consumption modes, see “2.12 Low power consumption modes”. 


P33/CNTR1 


Port P33 data read circuit 


EGs 


P32/CNTRo EG2 ) CNTR interrupt request signal 
EGa | 
Port P32 data read circuit 


XcINO 


P3o/INTo — XINO D 


= —p> Port P30 data read circuit 
P3i/INTi Ee | . - Steg INTo interrupt request signal 
Ca EGo circuit . 


lips Port P31 data read circuit 
ee a ee 
SPS atin ; 
ted L-— INT1 interrupt request signal 





CPU halt 
state signal 


Pull-up 
y i control register 
P07 p-y- Directional register 


Pull-up 
control register 
Directional! register 


he Ee Port PO data read circuit 


Pull-up 
iy F control register 
P00 C_5+- Directional register 


| ¢- Select gate : At reset, shaded side is connected 


M37470M2, M37470M4, and M37470M8 do not have XCIN_ input. 





Fig.2.9.1 Block diagram of interrupt input and key on wake up circuit 
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2.10 Reset circuit 


2.10.1 Reset operation 

If the RESET pin is held at “L” level for 2us then returned to “H’, while the supply voltage is within 
the recommended range, the reset is released in the sequence shown in Figure 2.10.1. The M37470 
then starts executing the program from the address whose high-order byte is the contents of address 
FFFF16 and whose low-order byte is the contents of address FFFE16. To ensure that the time nec- 
essary for the oscillator to stabilize after a reset is generated, timer 3 and timer 4 are connected, and 
“FFie” is set in timer 3 and “0716” is set in timer 4. In this state, the timers count the oscillation 
frequency f(XIN) divided by 16 and, when timer 4 overflows, reset is released. 





RESET 


Internal 
reset 


SYNC 


Address Ez Oe CS CS) OE) Gao (als Wise, 
Data CS C2 G2 Gey a) os 


32,768 counts of f(XIN) 
by timer 3 and timer 4 


Note 1. Normally, the relationship between XIN and frequency of @ is f(XIN)=2¢f(@) 
Note 2. Question marks (7?) indicate a process which is unknown because it depends on the preceding status. 





Fig.2.10.1 Timing diagram at reset 
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| 2.10 Reset circuit 





2.10.2 Internal status of microcomputer at reset release 
The internal status of the M37470 when reset is released is shown in Figure 2.10.2. The contents of 
all registers and RAM not shown in the figure are undetermined after a reset, so initialize them. 


Address 


Port PO directional register 
Port P1 directional register 


Port P2 directional register 


Port PO pull-up control register 
Port Pi~P5 pull-up control register 
Edge selection register (EG) (D41e)--- 


( 
( 
( 
Port P4 directional register ( 
( 
( 
( 
( 


A-D control register Q16) «+. 
Serial |/O mode register (SM) (DCt16) --- 
Timer FF register (F716) ++: 
Timer 12 mode register (112M) (F816) --- 
Timer 34 mode register (T34M) (F916) --- 
Timer mode register 2  (TM2) (FAis) --- 0/0 
CPU mode register (CM) (FBie) --- 

Interrupt request register 1 (FC16) +> 
Interrupt request register 2 (FD16) «+> 
Interrupt control register 1 (FE16) --- 


Interrupt control register 2 (FF 16) +++ 


Contents of address 
Program counter (PCH) «++ } FEFE 1 
Contents of address 
(PCL) +. FFFE16 
(20) Processor status register (PS) +++ ——|-|-|H} 4 JH 


Fig.2.10.2 Internal status of microcomputer at reset release 
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2.11 Oscillation circuit 


2.11.1 Oscillation circuit 

The M37470 has a built-in oscillation circuit that provides the clock necessary for operation. This 
oscillation circuit consists of an oscillation gate that acts as an amplifier providing the gain necessary 
for oscillation and an oscillation control pre-amplifier block that controls the oscillation. 

The M37470M2, M37470M4, and M37470M8 each have one built-in oscillation circuit for the main clock. 
The M37471M2, M37471M4, and M37471M8 each have two built-in oscillation circuits, one for the main 
clock and one for the clock-function clock. 

The frequency input to the clock input pin XIN is normally divided by two to give the internal clock 4, 
but in the M37471M2, M37471M4, and M37471M8, a signal that is half the frequency input to the clock- 
function clock input pin XCIN can also be selected. Connect either a ceramic resonator or a crystal 
oscillator as an external element to the outside of this circuit. 

A block diagram of the M37470’'s clock generating circuit is shown in Figure 2.11.1. 


Timer 1 interrupt 
enable bit 


Timer 1 interrup 
request bit 


Interrupt disable flag | 
S Reset 


System clock selection bit (CM7) i: 
J Main clock stop bit (CMe) 


Timer 2 interrupt 
enable bit 


Timer 2 interrupt 
request bit 


Timer 3 interrupt 
enable bit 


Timer 3 interrupt 
request bit 









STP 
Timer 4 interrupt instruction 


enable bit 

Timer 4 interrupt 
request bit 

Serial I/O interrupt 
enable bit 

Serial I/O interrupt 
request bit 

__ A-D conversion 
interrupt enable bit 


A-D conversion 
interrupt request bit 













WIT 
instruction System clock 


R 
eae | selection bit (CM7) 
D Le tae 


INTo interrupt Reset 
enable bit 7 ° anne f 
INTo interrupt | ul ane 
request bit STP T34M 1/8 
instruction 1, 
INT1 interrupt T34M2 
enable bit Timer 1 or timer 2 overflow 
INT1 interrupt Timer 3 count S 
request bit stop bit (T34Mo) 4 / 
CNTRo or CNTRi1 
interrupt enable bit 
CNTRo or CNTR1 


interrupt request bit ‘7 T34Ma, 


Timer 4 count 
stop bit (T34Ms3) 


, . At reset, the shaded 
election gate : 46 is connected. 


M37470M2, M37470M4, and M37470M8 do not have XCIN input and XCOUT output. 


Fig.2.11.1 Clock generation circuit block diagram 
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2.11 Oscillation circuit 





(1) Oscillation circuit using ceramic resonator or crystal oscillator | | 
Examples of circuits using a ceramic resonator or crystal oscillator are shown in Figures 2.11.2 and 
2.11.3. As shown in these figures, an oscillation circuit can be formed by connecting a resonator 


between XIN (or XCIN) and XOUT (or XCOUT). 


Set the circuit’s constants (Rd, CIN, CouT, etc.) in ac- 


cordance with the resonator manufacturers recommended values. 


M37470Me2 


Xout 





Fig.2.11.2 Oscillation circuit using ceramic reso- 


nator or crystal oscillator (M37470) 


(2) External clock input circuit 


An external clock signal can also be applied to the M37470. 
in this case are shown in Figures 2.11.4 and 2.11.5. 


Case. . 


M37470M2 


XIN XouT 


Open 15 
Vss 


External clock input circuit (M37470) 


External oscillation soruce 


Fig.2.11.4 
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Fig.2.11.3 





M37471M2 


(Xcin) (XcoutT) 


XIN Xout 


Oscillation circuit using ceramic reso- 
nator or crystal oscillator (M37471) 


Examples of the circuit to be used 
Leave the XOUT (or XCOUT) pin open in this 


M37471M2 


(Xcin) (XcourT) 
XIN Xout 


Open 20 (24) 
Vss 


External clock input circuit (M37471) 


External oscillation soruce 


Fig.2.11.5 
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| 2.11 Oscillation circuit 





2.11.2 Oscillating circuit for clock-function clock 

In the M37471M2, M37471M4, and M37471M8, if bit 4 of the CPU mode register (address OOFBi6) is 
set to “1”, the clock-function clock is selected. The structure of the CPU mode register is shown in 
Figure 2.11.6. 


b7 b0 
Saas ln CPU mode register : CM 
an i _ (address OOFB16) 


These bits are set to “O” 


















Stack page selection bit 
0: page 0 
1: page 1 


P50, P51 / XCIN, XCOUT selection bit 
0: P50, P51 
1: XCIN, XCOUT 


XCOUT drive power selection bit 
0: low power 
: high power 


clock (XIN-XOUT) stop bit 
0: oscillation 
: stop 






System clock selection bit 
0: XIN-XOUT selection (normal mode) 
1: XCIN-XCOUT selection (low-speed mode) 






Note: In the M37470M2 and M37470M4, set all of these bits to “O”. 
In the M37470M8, set all of these bits to “OQ”, except for bit 2. 
In the M37471M2 and M37471M4, set bit 2 to “O”. 


Fig.2.11.6 Structure of CPU mode register 


The power source of the clock-function clock oscillation circuit is Supplied power via a_ step-down 
regulator to reduce the power consumption when the M37470 is operating in clock mode (for details, 
see “2.12 Low power consumption modes”). In other words, the voltage applied to the VCc pin is 
reduced by the step-down regulator to reduce power consumption. Bit 5 of the CPU mode register sets 
the voltage supplied to this oscillation circuit in two steps: high-power mode and low-power mode. 
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2.12 Low power consumption modes 


In the M37470, oscillation can be stopped then restarted if necessary, as described below. 


2.12.1 Stop mode 2 

lf the STP instruction is executed, oscillation stops with the internal clock @ at “H” (stop mode). The 
functions operating in stop mode are listed in Table 2.12.1. 

In stop mode, the contents of all registers except the timer 3 and timer 4 registers are preserved. 
Therefore, after stop mode is canceled, operations can restart with exactly the same status as that at 
the point at which the oscillation was stopped, which greatly reduces power consumption. 

The internal operation after the STP instruction is executed is as_ follows: | 


(1) Oscillation stops with the internal clock @ at “H”. 

(2) Timer 3 is automatically set to “FFie” and timer 4 is automatically set to “0716”, and the timer 3 
overflow signal is selected as the count source of timer 4. Since the count source of timer 3 is 
not specified, select a count source that provides the time necessary for the oscillator to stabilize. 


Table 2.12.1 Functions operating in stop mode 


Timers Timers with internal count sources are stopped (timer 1 and timer 2 inter- 
-| rupts can be used; timer 3 and timer 4 interrupts cannot be used) 
A-D_ converter Stopped (A-D conversion interrupts cannot be used) 
Execute the STP instruction after A-D conversion has ended 
Serial I/O The internal clock is stopped, but serial I/O can operate in external clock 
mode (serial I/O interrupts can be used) 
External. interrupt All INTo, INT1, CNTRo, CNTR1 and key on wake up interrupts are valid 


To restart oscillation (recover from stop mode), either cause a reset or cause an interrupt to be 

received. If restart is by interrupt reception, first supply the clock to the timers to start timer 3 and timer 

4 operating. When timer 4 overflow is occurred, the internal clock @ is supplied. This will provide the 

time necessary for oscillation to stabilize, if a ceramic or similar resonator is used. (For details, see 

“2.13 Status transitions”.) | 

Make the following preparations immediately before executing the STP _ instruction: 

(1) Set the timer 3 interrupt enable bit and the timer 4 interrupt enable bit to “Q” (disabled), and set 
the timer 3 count stop bit and the timer 4 count stop bit to “O” (operating). 

(2) Set the interrupt used at wake up to interrupt enabled status (set the corresponding interrupt enable 
bit to “1” and the interrupt disable flag to “0”). 

(3) Select a count source for timer 3 that provides the time necessary for the oscillator to stabilize. 
(After recovery, set the previous count source again.) 

(4) If using the clock-function clock, set the XCOUT drive capability to high power. 
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2.12 Low power consumption modes 





2.12.2 Wait mode 


lf the WIT instruction is executed, the internal clock @ stops at “H’, but the oscillator itself does not stop 
(wait mode). The functions operating in wait mode are listed in Table 2.12.2. 

Recovery from wait mode is done in the same way as recovery after the STP instruction, except that, 
since the oscillator did not stop, there is no need to provide time to enable the oscillation to stabilize— 
operation can start immediately. 


Table 2.12.2 Functions operating in wait mode 


Timer Operating (timer 1, timer 2, timer 3, and timer 4 interrupts can be used) 
A-D converter Operating (A-D conversion interrupts can be used) 

Serial W/O Operating (Serial I/O interrupts can be used) 

External interrupt All INTo, INT1, CNTRo, CNTR1 and key on wake up interrupts are valid 
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2.13 Status transitions 


The M37471M2, M37471M4, and M37471M8 are provided with a clock-function clock generating circuit 
XCIN—XCOUT in addition to the ordinary clock generating circuit XIN-XOUT, so that power consumption 
can be reduced by leaving these microcomputer with only the clock function operating. These two 
clocks are controlled by bits 6 and 7 of the CPU mode register (address OOFB16). 

Status transitions of the system clock are shown in Figure 2.13.1. 





f (Xin) oscillation 


f (Xin) oscillation 






f (XIN) stop 


WIT instruction STP instruction 
Reet Wee eee, ee eh eee 
¢ stop P50, P51 input d stop 


Timer operation 


t (Note 1 
interrupt g=f (Xn) /2 interrupt (Note 1) 





CMs=1 
(Note 2) 
CMa=1 











B 


f (Xin) oscillation f (Xin) oscillation f (Xin) stop 










STP instruction 


a 


WIT instruction 


f (Xcin) oscillation nal 


¢ stop 
Timer operation 


f (Xcin) oscillation 


o=f(Xwn)/2 ¢ stop 


interrupt interrupt (Note 1) 


(CMs=0) 
CM7=1 CM7=0 












Cc 


f (Xin) oscillation f (Xin) oscillation f (XIN) stop 


WIT instruction STP instruction 


f (XcIn) oscillation Ree gs 


¢ stop 


f (Xen) oscillation f (Xcin) stop 


¢ = f (Xcin) / 2 


¢ stop 


interrupt interrupt (Note 1) 





Timer operation 


CMe=1 CMe=0 (Note 2) 





E 
f (Xin) stop 


D 
f (Xin) stop 


F 


abet f (Xin) stop 


STP instruction 


St ee 


¢ stop 


WIT instruction 


f (Xcin) oscillation f (Xcin) oscillation 


¢ stop @=f (Xen) /2 


int t 
Timer operation ae 


interrupt (Note 1) 
(CMs=0) 


Note 1. Latency time are automatically generated upon release from the STP instruction due to the 
connections of timer 3 and timer 4. 

Note 2. When the system clock is switched over by restarting clock oscillation, a certain wait time 
required for oscillation to stabilize must be inserted by the program. 


Fig.2.13.1 Status transitions 
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@ Reset — normal mode (status A) 
Immediately after a reset, the main clock f(XiN) divided by 2 is selected as the internal clock ¢, and 
the I/O pins XCIN and XcoUuT of the clock-function clock f(XCIN) are set to be ordinary ports. 
In addition, timer 3 is set to FF16 and timer 4 is set to 0716, f(XIN) divided by 16 is selected as 
the timer 3 count source, the timer 3 overflow signal is set as the timer 4 count source, and the 
timers start decrementing. When timer 4 overflows, internal reset is released and the program starts 
from the address specified by the reset vector. 


@ Low speed mode (status D) 

Transition from normal mode (status A) to low-speed mode in which the clock-function clock f(XCIN) 
divided by 2 is selected as the internal clock @ proceeds via status B and status C. First, to shift 
to status B, bit 4 of the CPU mode register is set to “1” to set the P50 and P51 pins to XCIN and 
XcouT. In this case, oscillation start will be facilitated if the XCOUT drive capacity is set to high- 
power by setting bit 5 of the CPU mode register to “1” as well. 

After the XCIN oscillation has stabilized (provide sufficient time in the program), set bit 7 of the CPU 
mode register to “1” to shift to status C. Then set bit 6 of the CPU mode register to “1” to stop 
the oscillation of the main clock f(XIN). 

After the oscillation of the clock-function clock f(XcIN) has stabilized, set bit 5 of the CPU mode 
register to “O” to set low-power mode for the XCOUT drive capacity, if necessary. 

When the mode shifts from low-speed mode to normal mode, the oscillation of the main clock f(XIN) 
is started (status C), and f(XIN) becomes the count source for the internal clock @ (status. B) after 
the oscillation has stabilized. Then set bit 4 to “0” to set XCIN and XCOUT as ordinary ports, if 
necessary. 

@ Clock mode (status E) 
In clock mode, only the clock function operates, to reduce power consumption. Clock mode (status 
E) is activated by executing the WIT instruction from low-speed mode (status D). When the WIT 
instruction is executed, the internal clock @ stops, and only the supply of the clock to the timers and 
the serial I/O function continues. Any interrupt will return the system to low-speed mode (status D) 
from clock mode. 

Wait mode is activated by executing the WIT instruction from any of statuses A to C. Return from 
wait mode is the same as that from status E, except that the status at return is different. 


@ Stop mode (status F) 
In stop mode, all statuses in registers, I/O ports, and internal RAM are preserved, except for those 
of timer 3 and timer 4, and the oscillation of both the main clock and the clock-function clock is 
stopped. 
Stop mode is activated by executing the STP instruction from any of statuses A to D. For details 
of settings necessary before the STP instruction is executed, see “2.12 Low power consumption 
modes”. 
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2.13 Status transitions 
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Return from stop mode | , 

The reception of any interrupt will return the system from stop mode. When an interrupt is received, 
timer 3 and timer 4, which start the oscillation in the operating mode set when the STP instruction 
was executed, first start operating, but the internal clock ¢ is still stopped. When timer 4 overflows 
after timer 3 and timer 4 started counting, the internal clock @ starts operating and, at the same time, 
execution starts from the processing routine of the received interrupt. The address immediately after 
the STP instruction is pushed onto the stack as the return address at this point. The reason why 
the internal clock ¢@ does not start operating until timer 4 overflows is to give the oscillation time to 
stabilize if a ceramic oscillator or a similar oscillator is used. 

When the system returns from stop mode, the timer 3 and timer 4 interrupt request bits are set, so 
it may be necessary to clear them. In addition, the timer 1 and timer 2 interrupt request bits may 
also be set, depending on setting status, so clear them after return as well, if necessary. If the 
return is activated by a serial I/O interrupt, remember that this interrupt has a lower priority than 
timer 1 and timer 2 interrupts, so set timer 1 and timer 2 to either stop status or interrupt disabled 
status. 

If stop mode is released by a reset, the contents of RAM are preserved, but the other registers will 
have the same status as that after an ordinary reset. | 
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ELECTRIC CHARACTERISTICS 
3.1 Electric characteristics of M37470M2-XXXSP, M37470M4-XXXSP, and M37470M8-XXXSP 





3.1 Electric characteristics of M37470M2-XXXSP, M37470M4-XXXSP, and M37470M8- 
XXXSP 


Absolute maximum ratings 











Symbol Parameter | Conditions |_—sRatings | Unit 
Voc V 
Vi Input voltage Xin V 
: Input voltage P0c-P07, P1o-P17, P20-P2s, With respect to Vss easel se 
| P30-P3s, P4o-P4:, Veer, RESET | Output transistors are = [Nw ID Mooth. 
es Output voltage gee P1o-P17, P2o-P2s, | at “OFF” state. ‘ 
o—P41, Xout 
Pd Power dissipation mW 
Topr___| Operating temperature ——s—=“‘;S™!™SC*dTSC*‘RSNSNNC#O#(#(#(WNN:“LC COONS CL °C 
Tstg__| Storage temperature CT t—“‘CSC*drCSCAO'CW'150— | °C 
Recommended operating conditions (Vcc=2.7 to 5.5V, Vss=0V, Ta=—20 to 85°C, unless otherwise noted) 
| 
Vec V 
Vss___| Supply voltage 
Vik | “H” input voltage PQo-PO7, Pto-P17, P30-P3s, RESET, Xn | 0.8Vec | || Veo =| SCV 
Vin |“H" input voltage P2o-P2s, P4o-P41 Voc | TCV =| CV 
Vit | “L” input voltage PQo-P07, Plo-P17, P3o-P83, | Cd COM | CV 
Vit | “L” input voltage P2o-P2s, P4o-P41 | 2c | V 
Vit |L’ input voltage Xw | 0 | 
Vit “L” input voltage RESET | 0 |) «01 2Vec | OV 
jou(sum) | “H” sum output current POc-POr, Pao-P4;SSSC~TSCSSC*~“t*é‘“RSSC*‘“‘#‘LS«#“O_~*|- MAA 
lou(sum) | “H” sum output current P1o-P17, P2o-P23 P80 | mA 
lo.(sum) | “L” sum output current POo-P07, P4o-P4: a ee ee 
lo.(sum) | "L” sum output current Pto-Pi7, P2o-P2s | mA 
lox(peak) | “H” peak output current POo-P07, P1o-P17, P20-P23, P4o-P4:{| sss | ——s—i‘iLSC=100—«|s mA 
lo.(peak) | “L” peak output current POo-P07, P10-P17, P2o-P23, P4o—-P41 FL 20 | mA 
“H” average output current POQo—P07, P1o-P17, P2o—P2s, 
me, P4o-P4: (Note 2) tf ft ia 
“L” average output current POo—P07, P10-P17, P2o—P2s3, 
ee P4o-P41 (Note 2 Pf fe be 
fentr) | Timer input frequency CNTRo (P32), CNTR: (P3s) (Note 1) | | =| 4 | MHz 
frum ___| Serial VO clock input frequency CLK(P1s) (Note 1) | | | MH 
(Xin) Clock oscillating frequency (Note 1) a ee eee 


Note 1 : Oscillation frequency is at 50% duty cycle. 
2: The average output current lox(avg) and lo.(avg) are the average value during a 100ms. 
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Electrical characteristics (Vcc=2.7 to 5.5V, Vss=0V, Ta=-20 to 85°C, unless otherwise noted) 


fH 


cc 








oly os DnroctT Vi=Vec, Vcc=5V 
H” input current RESET, Xw (Xw is at stop mode). = 


At normal operation, 
A-D conversion is not executed 
f(Xin)=4MHz 
At normal operation, 
A-D conversion is executed 


< 
QO 
il 
(ev) 
< 














=5V 
Vec=3V 
Vcc=5V 













Supply current 


‘?) 
O 


. 
Symbol Parameter Test Conditions [Min. | Typ. [Max.| 
Ge “H” output voltage POo-P07, P1o-P17, | Vcc=5V, lou=—5mA EE as 
P20-P2s, P4o, P4i Vec=3V, lon=—1.5mA Oe Vl 
Vo. | E Output voltage POc-PO7, Pio-Pt7, — |Voo=5V, lo=10mA ore ie eee 
P2o-P2s, P4o, P41 | Voo=3V, lo=3mA an ae ee 
MEGS) nn | 
Vt+—-V1-| Hysteresis POc—P07, P30—-P3s Voo=3V se ee 
ie SER Vecs5V i s—“‘LSCidT:C CY 
snes Elon ie Nee=sv | Joa — 
| | Vec=5V|_— | 0.5] 
.Vr1-|H P16/CLK se as CLK input Voo=5V_ 
Se use ae CuK et esegv| [tat — 
VizOV, Vecs5V| | |=. 
ha “L” input current POo-P07, P1o-P1z, not use pull-up transistor |Vcc=3V| | | -3 | 
P30-P32, P4o, P41 Vi=OV, ~1.0 
use pull-up transistor 
“L rrent P e 
liv Input cu 33 Vi=QV WeezdVil. | | es 
Vi=OV, not use as analog input, |Vec=5V| [| [| -5| 
ree not_use pull-up transistor Vec=3V} | | 3. 
Ii L" input current P2o-P2s Vi=OV, not use as analog input, [Vcc=5V -1.0 
use pull-up transistor Vcc=3V |-0. 
oa | Vi=0V a 
fie L” input current RESET, Xw (Xw is at stop mode) rs 
| “H” input current POc-P07, P1o-P17, Vi=Voe, | 
i P30—P32, P40, P4: not use pull-up transistor Pl 
hy “H” input current P3s Vi=Vec Meese po 
oe. VieVec, not use as analog input, a) 
Nid H Input current P2o—-P23 not use pull-up transistor i 3 
ed ee ee 
—_ 


VRAM 





Mino 
No [oomnea| 
~— oo 1} 4 fools 
(ep) No > (ep) “J (Oo (OOo | OL GO] OT Co |] OFT; Co] OFT/ O1 


f(Xin)=4MHz Vec=3V 
At wait mode, Vec=5V 
f(Xin)=4MHz Vec=3V 0 
Stop all oscillation Ta=25° 
Vec=5V 

= 


Unit 


< 


< 


= oe 
> 1215 


Cc 
> 


mA 
LA 
WA 
LWA 
LA 


LA 


mA 
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ELECTRIC CHARACTERISTICS 


3.1 Electric characteristics of M37470M2-XXXSP, M37470M4-XXXSP, and M37470M8-XXXSP 
a ae AES i a a OR RO ae ct Ee ee eS eee 


A-D converter characteristics 
(Vcc=2.7 to 5.5V, Vss=OV, Ta=-20 to 85°C, f(Xin)=4MHz, unless otherwise 


Symbol Parameter Test Conditions Min. | Typ. | Max. | 
— [Resolution | 
— _|Non-lnearity error ree aie ere: ees ie 
=“ [Diferential_noninearty eror [| —S~S~S~SsS—SSSSSS*d SSS 
Ee er ene Vec=Vrer=5.12V, lo(sumj=OmMA | | | 24] 
es Voc=Vrer=5.12V 4 

Full-scale transition error Vec=Vrer=5.12V00 
tcorev [Conversion time | 
Vvrer [Reference input voltage Pf 05Veo fT Vee 
Ruapper |Ladder resistance value rene eens (oO ee ee 


Via__[ Analog” input voltage ee 
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noted) 


Unit 


bits 
LSB 
LSB 


LSB 


LSB 


us 
V 
kQ 
V 


ELECTRIC CHARACTERISTICS 
3.2 Electric characteristics of M37471M2-XXXSP/FP, M37471M4-XXXSP/FP, and M37471M8-XXXSP/FP 





3.2 Electric characteristics of M37471M2-XXXSP/FP, M37471M4-XXXSP/FP, and M37471M8-XXXSP/FP 


Absolute maximum ratings 


Symbol Unit 


Voc Supply voltage —0.3 to 7 V 
Vi Input voltage Xn —0.3 to Voc+0. V 


Input voltage POo—P07, P10-P17, P2o—-P27, With respect to Vss 

V1 P30-P33, P4o-P43, P5o0-P5s, Output transistors are j-0.3 to Voc+0.3} V 
Vrer, RESET at “OFF” state. 

Output voltage PQo—P07, P1o—-P17, P2o—-P27, 











Vo Ay PAs, Mout —0.3 to Vcc+0.3} V 
Pa mW 
Topr__|Operating temperature —==S~=—“~*~sSC*‘(‘CNNCOC#~#*d;SC™@Ot SS | C 
Tstg__[Storage temperature ———S~=~CSsSs—tYSSCC*‘“‘;CS™S™S™S™CSC~*sC AIO THC 


Note 1 : 500mW for M37471M2-XXXFP, M37471M4-XXXFP, and M37471M8-XXXFP. 


Recommended operating conditions (Vcc=2.7 to 5.5V, Vss=AVss=0V, Ta=-20 to 85°C, unless otherwise noted) 


27 ot 


Voc Supply voltage 5 


V 
Vs [Supply volage—=—Ss—C—“*~*~*“‘“~*SCSC~SSCSC‘iS 
AVss [Analog supply volages—SSCSCS—~—~—SsS—SsSSYSSSS 
Vin “H” input voltage POo—P07, P1o-P17, P30-P3s, RESET, Xn 1 O0.8Vcc | «| Veco =O CU 
Vis |" input voltage P20-P2r, P4o-P4s, P5o-P5: (Note 1) | 0.7Vec | | _Vec | V 
Vit ‘L” input voltage POo-P07, Plo-P17, P30-P3s es 
Vit ‘L’ input voltage P20-P27, P4o-P4s, P50—P5a (Note 1) [0 | 1 0.25Vec] _V 
Ve [input votlage Xv SY * Vee | V 
Vi |"L" input voltage RESET SSS 012 PV 
ionfsum) ['H" sum output current POo-POn, Pa-Pas——SSSCSC*~CSC*‘“;‘~rtSSCSC*dSC BO] 
lox(sum) |“H” sum output current P1o-P17, P20-P27 | -830 | mA 
lo.(sum) |“L” sum output current POo—P07, P4o-P43 ee ee ee 
lo.(sum) |“L” sum output current P1o-P17, P2o-P27, | mA 
lox(peak) |“H” peak output current POc-P07, P1o-P17, P20-P27, P4o-P43} | ~~ | -10 | mA 
lo.(peak) |“L” peak output current POo-P07, P1o-P17, P2o-P27, P4o-P4n | =o {iE 20s mA 
iene) “H” average output current POo-P07, P1o—P17, P2o-P2z, roo ees aA 

P4o—P4s (Note 4) 
“L” average output current PQo—P07, P1o—-P17, P2o—P27, 

oo) P4o-Ps (Note 4) | fo ue 
fientry [Timer input frequency CNTRo (P32), CNTR: (P3s) (Note 2) | | | 4 | MHz 
fick) Serial /O clock input frequency CLK(P16«) (Note 2) a ee ee ae 
{(Xn) | Clock oscillating frequency (Note 2) —SSSS~S~S~—SC<C*~“‘“dtSSSSS*dSST | 
{(Xcin)  |Clock oscillating frequency for clock function (Note 2, 3) Pf 2 | 50s CH 


Note 1 : It is except to use P50 as Xcw. 

2: Oscillation frequency is at 50% duty cycle. 

3: When used in the low-speed mode, the clock oscillating frequency for clock function should be 
f(Xcin) <f(Xin)/3. 
4: The average output current lox(avg) and lo.(avg) are the average value during a 100ms. 


~~ 
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ELECTRIC CHARACTERISTICS 
3.2 Electric characteristics of M37471M2-XXXSP/FP, M37471M4-XXXSP/FP, and M37471M8-XXXSP/FP 





Electrical characteristicS (Vcc=2.7 to 5.5V, Vss=AVss=0V, Ta=-20 to 85°C, unless otherwise noted) 



































Min. | Typ. [Max. [UN 
Vou | 1” Output voltage POc-PO7, Pic-P17, — |Voc=5V,_lou=-5mA Ee = 7 
P20-P27, P4o—P4s Voc=3V, lox=—1.5mA a 
oe ‘L” output voltage POo-P07, P1o-P17,  [Voo=5V, lo=10mA ae aa y 
P2o-P27, P4o—P4s Voc=3V, lor=3mA aes 
| Vec=5V | eee es 
V14—Vt- | Hysteresis POc—P07, P3o—P3s Voc=3V oa V 
Vcc=5V fe tt Os 
ial eee Rees Veor8VCSC™~—~SC“‘iC Cd 
. | , Vcc=5V | | | 05 | 
Vt LK ir 
Vie—-VI Hysteresis P16/CLK use as C Input Mee=S}__05 | _ V 
saves Vi=OV, —  Voc=5V} | 5 
mi L" input current ee ae not use pull-up transistor Meos6¥|___}__} 8. i 
pps, |CMROW, =e 
be use pull-up transistor Vcc=3V |-0.08|-0.18 |-0.35 
Viz0V, not use as analog input, Mecssvt | 7S 
: uA 
| age sas not use pull-up transistor Vec=38V{ | 3 
IL Input Current P2o-Feé7 Viz0V, not use as analog input, =a ean 
use pull-up transistor ~0.35 
} a Viz0V [Voc= : 
li “L” input current RESET, Xw Xn is Ar eaomnces) vie —— = LA 
“H” input current POo-PO7, P10o-P17, Wicd Vec=5V] | 5 
ce ee erin not use pull-up transistor uP 
ae pute taster Nav] || a 
ay Vi=Vec, not use as analog input,|Vcc=5V | | | 5 
li H” input current P2o-P27 not use pull-up transistor Vec=3V [8 HA 
ee oe Vi=Vcc, Vec=5V{ | | 5 
NH H” input current RESET, Xw (Xw is at stop mode) vecsS¥ | | 3 A 
| At normal operation, Veo=5V | | 3517 


A-D conversion is not executed 
f(Xin)=4MHz 
At normal operation, 
A-D conversion is executed 
f(Xin)=4MHz 
At low- speed mode, 
Xcout iS low-power mode, 

A-D conversion is not executed 


MCC 
f(Xin)=OHZ, f(Xcn)=32kKHZz, 


WA 
Vec=3V 15. | 40 
Ta=25°C 


At wait mode, Vexsv[ pt ey 
(kn) =4MHz Veo=av| | 05] 1 


vey] [8 | 
veessv] | # [8 
vey] fe | 






3 
> 



























lec Supply current 












At wait mode, {(Xn)=0Hz, |Voc=5V 3 
f(Xcin)=32KHZ, Xcout is 
low-power mode, Ten25eciVeo=3V] | 2 8 | pA 
ero ee 
Voo=5V Ta=85°C] | | 10 | 
Vaau [RAM releriion volage ———~—*‘(stop all oselaion (| —s| 2] | «iV 
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ELECTRIC CHARACTERISTICS 
3.2 Electric characteristics of M37471M2-XXXSP/FP, M37471M4-XXXSP/FP, and M37471M8-XXXSP/FP 





A-D converter characteristics 
(Voc=2.7 to 5.5V, Vss=AVss=0V, Ta=—20 to 85°C, f(Xin)=4MHz, unless otherwise noted) 


m 
Symbol Parameter Test Condition Limits 


ae 
—TResoutionSCiS 8 is 
——|Non-linearty error =«i|~~S”*é<“~*~*~*~*~*~S*S™™S”:OO””CSdSC Sd | ESB 
—— Differential nonlinearity erorl~SSs*~—“—*~s‘“‘“‘“‘“‘~S:*~*S*dCSSdL 0.9 ESB 
es Vec=Vrer=5.12V, lot(sum)=OmA 2 

var [race varon roc NeSyassS ew ———— {+ $1 
tcow [Conversion time. ——=SsdT=Ss‘“‘éswt!!.... dL 85s 
Wwaer [Reference input volage |. ~Ss=é—<“—~S*~*~s~S~S™SSSSSTSS~ CHV | SSSdSCOc dC 
Risooea [Ladder resistance value | ”~s~C‘“‘<C 2CO!!! dL 10 | ke 
Vin V 
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ELECTRIC CHARACTERISTICS 


3.3 Standard characteristics 


3.3 Standard characteristics 


There are the characteristics example in this section. The limitative data are in section 3.1 and 3.2 “Electric char- 
acteristics”. 


(1) Port POo (CMOS output) P-channel side IOH-VOH chatacteristics (room tempereture) 





2 e ee ie 
< See oe ee 
= oe Pe 
2 a eae et 
=== 
— 

= ae ee ee el 
5 Fae aie a ae 
a a 
| eee ene en 


“H” output voltage VOH-Vcc [V] 


(2) Port POo (CMOS output) N-channel side IOL-VOL characteristics (room tempereture) 


on 
ae 


“L” output current IOoL [mA] 





1.0 2.0 3.0 4.0 5.0 
“L” output voltage VOL [V] 


(3) Port POo wirh pull-up transistor Vi-ll characteristics (room tempereture) 


Input current Il [WA] 





0 
-5.0 -4.0 -3.0 -2.0 -1.0 0.0 
Input voltage VI-Vcc [V] 
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BUILT-IN PROGRAMMABLE 
ROM VERSION 


BUILT-IN PROGRAMMABLE ROM VERSION 


4.1 Overview 


4.1 Overview 


In addition to the mask ROM versions, there are other members of the 7470 Series called built-in programmable 
ROM versions which are microcomputers with built-in programmable ROM. One version, the window-type 
EPROM version, has an built-in EPROM that can be written to and erased. Another version is a one-time 
programmable microcomputer whose built-in PROM can be written to but not erased. Since the functions of the 
built-in EPROM and one-time programmable versions are exactly the same, apart from whether the ROM 
contents can be erased, they are both referred to as built-in PROM versions in this manual. 

The built-in PROM versions have functions similar to those of the mask ROM versions, but they also have a 
EPROM mode that enables writing to built-in PROM. | 

Seven built-in PROM versions of the 7470 Series are available: the M37470E4-XXXSP (one-time program- 
mable), the M37470E8—-XXXSP (one-time programmable), the M37471E4-XXXSP/FP (one-time program- 
mable), the M37471E8—XXXSP/FP (one-time programmable), and the M37471E8SS (window version). A brief 
outline of the specifications of these microcomputers is given in Table 4.1.1. 


Table 4.1.1 Functions of built-in PROM versions (M37470E4-XXXSP, M37470E8-XXXSP, M37471E4-XXXSP/ 
FP, M37471E8-XXXSP/FP, and M37471E8SS) 


Functions : 
and M37470E8-XXXSP | M37471E8-XXXSP and M37471E8-XXXFP 
. and M37471E8SS 
Basic instructions 69 7 
Instruction execution time 1.0us (minimum instructions, at 4MHz) 
Clock frequency 4MHz 
Memory size 8192 bytes (Note 1) 
192 bytes (Note 2) 
Input/Output ports 8-bit X 2 
B-bit X 1 
Abit X 1 
abit X41 
PS if input [— SSC«*d EXT 
serial I/O 8-bit X 1 
Timer 8-bit X 4 (with 8-bit latch) 
A-D converter | 8-bit X 1 (4-channel)|8-bit X 1 (8-channel) 
Subroutine nesting 96 (max.) (Note 3) 
Interrupt External 5, internal 6 and software 1 
Clock generating circuit 1 built-in (with exter-|2 built-in (with external ceramic or quartz crys- 
nal ceramic or quartz|tal oscillator) 
crystal oscillator) 
Power supply 2.7 to 5.5V ' 
Power dissipation (typ.) 17.5mW (at 4MHz) 
Input/Output Input/Output voltage! 5V 
characteristics Output current —5 to 10mA (PO, P1, P2 and P4: CMOS 3-state) 
Operating temperature range —20 to 85°C 
Device structure CMOS silicon gate 


Package One-time 32-pin shrink plastic) 42-pin shrink plastic | 56-pin plastic molded 
programmable molded DIP molded DIP QFP 
Window type re is shrink ceramic | — 
DIP 


Note 1 : 16384 bytes for M37470E8-XXXSP, M37471E8-XXXSP/FP and M37471E8SS. 
: 384 bytes for M37470E8-XXXSP, M37471E8-XXXSP/FP and M37471E8SS. 

: 192 (max.) for M37470E8-XXXSP, M37471E8-XXXSP/FP and M37471E8SS. 
: Voltage of writing to PROM is 12.5V (corresponding to M5L27256). 


&wWNM 
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BUILT-IN PROGRAMMABLE ROM VERSION 
4.2 Pin configuration 





4.2 Pin configuration 


Figure 4.2.1 shows the pin configuration of M37470E4-XXXSP and M37470E8-XXXSP, Figure 4.2.2 shows the 
pin configuration of M37471E4-XXXSP, M37471E8-XXXSP and M37471E8SS, and Figure 4.2.3 shows the pin 
configuration of M37471E4-XXXFP and M37471E8-XXXFP. The built-in PROM versions have pin-compatibil- 
ity with the mask ROM version. 


(Top view) 


P17/Srpy/A1o «» 


Pte/CLK/Ao <» | 2| 
P1s/Sout/As <-> | 3| 
P14/SiIvA7 <-> [4] 
P13/T1/Ac <—» | 5 | 
Pt2/To/As «+» | 6| 
P11/A4 <> 


P20/INo/Ao <> 
Vrer/CE —> 
Xin — 


Xout «— 


Fig.4.2.1. Pin configuration (M37470E4-XXXSP_ and 
M37470E8-XXXSP) 


= 
©) 
N 
5 
a 
o 
m 
2 
>< 
>< 
>< 
w” 
U 


dSXXX-va0ZPZewn 


Outline 32P4B 


«—» P07/D7 


[30] «—» POs/Ds 
29] «> PO4/Da 
28] «> PO3/D3 
«> P02/D2 
26] «> PO1/Di 
«+» P00/Do 
a> P41/A14 
> P4d/A13 


«— P33/CNTR1/Vpp 


<— P32/CNTRo/OE 
20] <— P3i/INT1/Atz2 
+— P3o/INTo/Ai1 





(Top view) 


P17/Srpv/Ato «»[2| 
Pte/CLK/Ao «+» [3] 
P1s/Sout/As <> | 4] 

P14/SivA7 <>] 5| 
P13/T1/Ac «>| 6| 
P12/To/As <> 

P11/A4 «>| 38] 


P27/IN7 <> 
P2e/INe <> 
P2s/INs <> 
P2a/IN4 <> 
P23/INv/A3 <>» 
P22/IN2/Az <> 
P2i/INVA1 <> 
P20/INo/Ao +> 
Vrer/CE —> 


SS8351ZPyZelW 
dSXXX-84 LZvZein 
dSXXX-vAalLZyZew 


141] <—» PO7/D7 


[38] <> P04/Da 


35] <-> POi/D1 
<> P00/Do 


> P41/Ai4 

30] <> P4o/A13 

20] <— P33/CNTRi/Vep 
128] «— P32/CNTRo/OE 
+ P3i/INT1/A12 
126] «— P3o/INTo/A11 


Outline 42P4B (M37471E4/E8-XXXSP) 
42S1B (M37471E8SS) 





Fig.4.2.2 Pin configuration (M37471E4-XXXSP, 
M37471E8-XXXSP and M37471E8SS) 
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BUILT-IN PROGRAMMABLE ROM VERSION 


(Top view) 


«>» P1s/Sout/As 
«—» P16/CLK/Ag 
<>» P17/Srov/A10 


5] 
al 
sa 


P14/Sin/A7 «> [ 2 | O 
P13/T1/Ac <» | 3| 
P12/To/As <> 

P11/A4 «+» [5 


P27/IN7 <> 
P2c/INc <> | 3 | 


P2s/INs <> | 9) 


P2a/INa <» [10} 
P23/IN3/A3 <—» [11] 
P2o/INo/A2 «> 
P21/INW/A1 <> 
P2o/INo/Ao <> {14] 

Vrer/CE —> 


dAXXX-84 lL ZvZew 
dAjXXX-valLZyZein 


P50/XciIn —> 


P51/XcoutT <> 26| 


Outline 56P6N 





NC 

«> P04/D4 

«» P03/D3 

«» P0Q2/D2 

«>» P01/D1 

#» P00/Do 

«> P43 

«> P42 

> P41/A14 

a> P40/A13 

NC 

«— P33/CNTR1/Vpp 

<— P32/CNTR0/OE 

— P3i/INT1/A12 

+— PS3o/INTo/A11 
NC 


NC : No connection 


Fig.4.2.3 Pin configuration (M37471E4-XXXFP and M37471E8-XXXFP) 
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G6 


dSXXX-SS0ZPLEW Puke dSXXX-PSOZPZEW JO wesBeIp yOOIg |L'Ee'y'Bid 





Clock Clock Reset 
input output input 
XIN Xout RESET 













8-bit 
Arithmetic 
and 
logical 
unit 


Accumulator 

















/O port P4 


Note 1: 16384 bytes for M37470E8-XXXSP. 


2: 384 bytes for M37470E8-XXXSP. 


register 


CNTR:| | CNTRe : 




















status 


PS (8) 


Program | Program 
counter counter 
PCH (8) PC (8) 


register 
X (8) 









Index 


register 
Y (8) 








: 








P3 (4) 
Po 


VU ~¥—_Y/ 
Input port P3 Reference 


SHENK - —U9 





INTs 
INTo 


VREF 


voltage 
input 




































——— CRYO) 


SSS 


V/O port P14 












| 
Instruction 
register (8) 


Instruction 
decoder 


Control signal 
















‘"ddXXX-BAILZPLEW ~Pue “d4XXX-PSIZPLEN ‘SS8SILZPLZEW ‘dSXXX-SAILZLPLEN 


‘dSXXX-PALZPLEW ‘dSXXX-SSOLZPZLEW ‘dSXXX-PSOZLPZEW JO SwueuBeIp yOo|q au} SMOUS E'E'p O} | 'e'p SouNnbi4 


welibeip 401g ¢'r 


weibeip 901g "pr 


NOISHHA WOU WIEGVINNVaDOdd NI-LIN 
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(SS8ALZPZEW)dSXXX-BSLZPZEW PUG dSXXX-PSIZPZEW JO wesbelp yoag Ze'p’big 


uU—,—__-~ 
Input port ut port PS I/O port P4 Input port he aes Reference I/O port pose 


Clock Clock 
input output Reset input 


Xin —- Xour RESET Vec Vss 






Data bus 












Instruction 


| register (8) 
ea a 


Program | Program 
counter counter 


192 PCH (8) | PCL (8) = a Instruction 
ee = ty decoder 


bytes 











Control signal 













Timer 2 > 
a 





























Paar Accumulator Processor Index Index 
and A (8) status register register wl 
logical register X (8) Y (8) is Es S(t 
fom VN Taner 4 (8) PWM contro 















Pad) (4) 


—B3828N89- — ates 


tl inne | 


VREF 


voltage input 


Note 1: 16384 bytes for M37471E8-XXXSP and M37471E8SS. 


2: 384 bytes for M37471E8-XXXSP and M37471E8SS. 






wieibelp YO01g €'P 


NLT 


NOISHHA WOU WIedVAINVaAD0dd 


L6 


ddXXX-SALZPZEW Pue d4XXX-PSLZPZEW jo weBeip poig ¢'e'p'bi4 


Clock Clock 
input output Reset_input 
XIN XOuT RESET AVss 





ai d eS ee 


Clock generating 
circuit 


Data bus 





1 1) 




































Control signal 


| 
Xcin Xcout Se rar | 
(Note 2) Bo H Instruction | 
RAM Program | Program PROM Timer 1 (8) register ts) | 

counter counter nae eb 
192 PCH (8) | PCz (8) 8192 = Instruction | 
bytes bytes a a decoder 

Y 




















Processor Index index 
status register register 
register X (8) Y (8) 





PS (8) 





















































CIEISNED MEKZXSK4K SKE) — aXenes 49) 
ea VREF eS 
ipaepote port P5 VO port P4 port P4 Input port P3 Reference onaee port P2 /O port P1 /O port PO 


voltage input 


Note 1: 16384 bytes for M37471E8-XXXFP. 
2 : 384 bytes for M37471E8-XXXFP. 


NOISUGA WON WIGVINNVNDONd NELTING 


BUILT-IN PROGRAMMABLE ROM VERSION 
4.4 EPROM mode 





4.4 EPROM mode 


4.4.1 EPROM mode 

The built-in PROM versions of the 7470 Series have an EPROM mode in addition to the ordinary operating mode. 
Use EPROM mode to write to, read from, and erase built-in PROM, in the same way as in the M5L27256 (EPROM 
device). | | 

The pin assignments in EPROM mode are shown in Table 4.4.1, and pin connection diagrams are shown in 
Figures 4.4.1 to 4.4.3. 


Table 4.4.1 Pin correspondence at the EPROM mode 3 


Device type name ~ Built-in PROM version M5L27256 


Vcc 
Vss Vss 
Pin name P11 to P17, P20 to P23 Ao to A14 
P30, P31, P40, P41 
Do to D7 
| VREF CE 
OE 


a P17/Sroy <>» 
Pid/CLK <>» 
P15/Sout «>» 


Chay 


P2a/IN3 «+ [9] 
P2a/IN2 <> 
P2i/IN1 <> 
P2o/INo <>» 
(GE eS VREF —> 
O———— Xin—> 
O———— Xout 


Wss)»—___ Vss 


dSXXX-8S0ZPZeW 
dSXXX-vs0ZbZen 


Cc are terminals for PROM (corresponding to M5L27256) 





Fig.4.4.1 Pin connection at EPROM mode (M37470E4-XXXSP and M37470E8-XXXSP) 
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BUILT-IN PROGRAMMABLE ROM VERSION 
44 EPROM mode 


+— P52 
P17/Srov <> P07 
P16/CLK <> P05 
P15/Sout + > Pos 
CA) P14/Sin +> Po, 
P13/T1 +> P03 
Pt2/To +> Pop (Da) 
Pty > Po; 
Pio + > P00 
+> P43 
++ P42 
> Pa 
7 P2a/INa +> P4o 
P2a/INs <— P33/CNTRi 
(Az). P22/INe <— P32/CNTRo 
P2viNi +— P3,/INTi 
P2a/INo <> +— P3o/INTo 
i ae: 
+> P51/Xcout Vss 


— P50/XciN 


nee (75 


P27/1N7 


P2e/INe 
P2sINs 


SS84LZbZEW 


dSXXX-8S LZpZew 
dSXXX-PpalLZPLew 


C_> are terminals for PROM (corresponding to M5L27256) 





Fig.4.4.2 Pin connection at EPROM mode (M37471E4-XXXSP, M37471E8-XXXSP and M37471E8SS) 


+> P17/Srpy 
+— P53 


55> P1s/Sour CAs) 
+> P1sCLK —As> 
—&i) 


54] 
& 


dAXXX-SALZVLEW 
dJdXXX-palZvlew 


wp, two a 
ee a N 


NC 


RESET — 


P50/Xcin —> 
P51/Xcout «> 


< 
n 
a 





Fig.4.4.3 Pin connection at EPROM mode (M37471E4-XXXFP and M37471E8-XXXFP) 
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| 4.4 EPROM mode 


4.4.2 Pin description | 
Table 4.4.2 shows the pin description at ordinary operating mode and EPROM mode. 


Table 4.4.2 Pin description 


Pin [Names| ~—Ss« Mode Function 

Vcc, Vss Supply voltage Ordinary operation/ | Supply 2.7 to 5.5V to Vcc, and OV to Vss. 
EPROM 

AVSS Analog power supply | Ordinary operation/ | Acts as ground level input pin for A-D con- 
EPROM | verter. Same voltage as VSs is applied. (Note 

| 1) 
VREF Reference voltage input} Ordinary operation | Acts as reference voltage input pin for the A-D 
converter. _ 
Mode input EPROM Becomes CE input. 
RESET Reset input Ordinary operation | Specifies reset when held at “L” for at least 
| 2us. 

EPROM Connect to VSs. 

XIN Clock input Ordinary operation/ | Acts as input and output pins interfacing with 














EPROM the internal clock generating circuit. Connect 

a ceramic resonator or crystal oscillator be- 
tween the XIN and XOUT pins to set the oscil- 
lator frequency. An internal feedback resistor 
XOUT Clock output Ordinary operation/ | is connected between the XIN and XOUT pins. 
| EPROM If an external clock is used, connect the clock 
source to the XIN pin and leave the XOUT pin 

| open. 
P0Oo—P07 /O port PO Ordinary operation | Acts as 8-bit I/O port with CMOS output for- 
mat. When input port is selected, these pins 
: can be connected individually to pull-up tran- 
sistors. A key on wakeup function is also 
provided. 
Becomes data(Do-D7) V/O. | 
P10—P17 /O port P1 Ordinary operation | Acts as 8—bit I/O port with CMOS output for- 
mat. When input port is selected, these pins 
can be connected in groups of four to pull-up 
transistors. P12 and P13 can also be used as 
timer outputs To and T1, and P14, P15, P16, 
and P17 can also be used as SIN, SOUT, CLK, 
and SRDY of the serial I/O function. SOUT and 
SRDY outputs can be set to N-channel open 
drain output. | 
Address input A4é-Aio | EPROM Pins P11 to P17 are address(A4—Aio) input 
a pins. Leave P10 pin open. 

P20—P27 (Note 2) /O port P2 Ordinary operation | Acts as 8—bit /O port with CMOS output for- 

; mat. When input port is selected, these pins 
can be connected in groups of four to pull-up 
transistors. These pins can also be used as 
analog inputs INo to IN7. 

Address input Ao—-A3 EPROM Pins P20 to P23 are address(Ao-A3) input 
——. | | pins. Leave P24 to P27 open. 7 
Note 1: For 56-pin QFP type only. 
2: At M37470E4-XXXSP and M37470E8-XXXSP, there are 4-bit as P20—-P23(INo-IN3) only. 
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4.4 EPROM mode 





Table 4.4.2 Pin description 
Pin | Name | Mode | Function 


P30-P33 Input port PS Ordinary operation |Acts as 4—bit input port. P30 and P31 can also 
be used as external interrupt input pins INTo 
and INT1, and P32 and P33 can also be used 
as timer input pins CNTRo and CNTR1. 
Pins P30 and P31 are address(A11, A12) input 
pins. P32 becomes OE input pin. P33 be- 
VPP input comes VPP input pin. At programming and 
program verifing, supply VPP level into this pin. 
Ordinary operation |Acts as 4—bit I/O port with CMOS output for- 
mat. When input port is selected, these pins 
can be connected in groups of four to pull-up 


— 
transistors. 
Address input A13, A14 | EPROM Pins P4o and P41 are address(A13, A14) input 
ishicaadioead abasic pins. Leave pins P42 and P43 open. 
P50-P53 (Note 3)| Input port P5 Ordinary operation |Acts as 4—bit input port that can be connected 
as a group of four pins to pull-up transistors. 
P50 and P51 can also be used as the XCIN and 
XCOUT pins for the clock-function clock gener- 
ating circuit. When using these pins as XCIN 
and XCOUT pins, an internal feedback resistor 
is connected between them. To enable exter- 
nal clock input, connect the clock source to the 
XCIN pin and leave the XCOUT pin open. 
-EPROM —_—_—s_si[Settting to open. 
Note 2: At M37470E4-XXXSP and M37470E8-XXXSP, there are 2-bit as P40 and P41 only. 
3: At M37470E4-XXXSP and M37470E8-XXXSP, there are nothing. 







Address input A11, Ai2 | ERROM 
Mode input 
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4.4 EPROM mode 


4.4.3 Reading, writing, and erasure of built-in PROM oe 

Activate EPROM mode in the built-in PROM versions by forcing the RESET pin to “L’. In EPROM mode, the built- 

in PROM can be read from, written to, and erased, as described below. 

(1) Reading 
Apply 0V to the RESET pin and 5V to the Vcc pin. _ 
Input the address signal (Ao to A14) and set the CE and OE pins to “L"—the PROM contents will appear at 
the data I/O pins (Do to D7). If the CE pin or the OE pin is set to “H”, the data I/O pins will float. 

(2) Writing 
Apply OV to the RESET pin and 6V to the Vee pin. 
Set the OE pin to “H” and apply VPP to the VPP pin to activate program mode. Set the address to be written 
to by the address input pins (Ao to A14) and input the data in parallel through the data I/O pins (Do to D7). When 
the CE pin is set to “L” in this status, the data is written to PROM. 

(3) Erasure | 
Only the built-in EPROM version that has an erasure window on the package’s top surface (M37471E8SS) 
can be erased. To erase the EPROM, shine an ultraviolet light source of wavelength 2537A onto the window 
for a minimum dose of 15W-s/cm?. 

Note the following points when writing data with a PROM writer: 

¢ M37470E4-XXXSP, and M37471E4-XXXSP/FP 
When using a PROM writer, the address range should be between 600016 and 7FFF16. Read/write operations 
on addresses 000016 to 5FFF16 cannot be performed correctly. 

* M37470E8-XXXSP, M37471E8-XXXSP/FP and M37471E8SS 
When using a PROM writer, the address range should be between 400016 and 7FFF16. When data is written 
between addresses 000016 and /7FFF16, fill addresses 000016 to SFFFi6 with FF 16. 





Table 4.4.3 Input/Output signal at each mode 


Read Output 
Output disable SS ae Floating 
Write vec ov input 
Verify Output 
Write disable Floating 


Note : VIL means “L” input voltage, VIH means “H” input voltage. 
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4.4 EPROM mode 





4.4.4 Notes on handling 

(1) Sunlight and fluorescent light include wavelengths that will erase written data. When using the window version 
of the 7470 Series in read mode, always cover the transparent glass window with a light-proof seal. 

(2) Mitsubishi provides light-proof seals designed to cover the transparent glass window of the window version. 
Make sure that the seal does not touch the lead pins of the microcomputer. 

(3) Before erasing the window version, clean the transparent glass of the window. Dirt such as grease from hands 
and glue may hinder the passage of ultraviolet light and affect the erasure characteristics. 

(4) Writing involves the use of high voltages, so make sure that excessive voltages are not used. Pay particular 
attention when turning on the power source. 

(5) Mitsubishi does not test or screen any writing to PROM in blank one-time programmable microcomputers" 
after they have left the factory. To improve reliability after writing, we recommend that these microcomputers 
are written to and tested in the sequence shown in the flow diagram of Figure 4.4.4. 

(“1: Blank microcomputers have nothing written in PROM when they leave the factory.) 


Writing with PROM writer 


Verify test with PROM writer 


ea 
each aN OCMC SS a Ti RCN A eT hhNNACC CCI CCI H T AC  MARIOCY ; 


Function check in target device 


eee ee ee Pe et REE U LALOR DASSROR ESD SRARR RSL CRB R RESO Shee se oe 


Note 1: Since the screening temperature is higher than storage temperature, 
never expose to 150 °C exceeding 100 hours. 

Note 2: Function checks in actual devices can also eliminate damage due to 
surges during handling. 





Fig.4.4.4 Writing and test for blank one-time programmable type 
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BUILT-IN PROGRAMMABLE ROM VERSION 


4.5 Electric Characteristics 


4.5 Electric Characteristics 


4.5.1 Electric characteristics of M37470E4-XXXSP and M37470E8-xXXXSP 


Absolute maximum ratings 


Symbol Parameter Unit 
Voc Supply voltage -—0.3 to 7 V 


Vi Input voltage Xn —0.3 to Vcc+0.3) V 
Input voltage POQc-P07, Pto—-P17, P2o-P23, —0.3 to Voc+0.3) 






With respect to Vss 





< 


vi P30-P33, P4o-P41, Vrer, RESET Output transistors are |(Note 1) 

a Output voltage gee Pio-P17, P2o-P2s, [at “OFF” state. ea anel W 
o-P41, Xout 

Pd mW 

Topr | Operating temperature SSCS SSB | °C 

Tsig [Storage temperature SSCS to THO *C 


Note 1: At writing to PROM, the value for P33 is 13V. 


Recommended operating conditions (Vcc=2.7 to 5.5V, Vss=0V, Ta=-20 to 85°C, unless otherwise noted) 


| 
Voc V 
Vss___| Supply voltage 
Viv | SH” input voltage POo-P07, P1o-P17, P30-P33, RESET, Xn | 0.8Vcc | | Veco =|: 
Vin “H” input voltage P2o—-P2s, P4o-P41 /0.7Vcc | id CV TCV 
Vit “L” input voltage POo—P07, P10-P17, P380—-P3s a a 
Vit |“L” input voltage P2o-P23, P4o-P41 | | 25 | CV 
Viv |“L’ input voltage Xm 0 BV | V 
Vit “L” input voltage RESET r 0 |) 4 0.12Ver | V 
osu) [A sum output current POc-P0r, Pae-Pa a0 
jon(sum) [“H-sum output current P1o-Ptr, Pon-P2. 0m 
lo.(sum) | “L” sum output current PQo-PO7, P40o—P41 a ee mA 
lo.(sum) | “L” sum output current Plo-Pi7, P2o-P2s | CT CE S| mA 


lou(peak) | “H” peak output current POo-P07, P1o-P17, P20-P2s, P4o-P41] ss | | 10 | mA 
lo.(peak) | “L” peak output current POo-P07, P1o-P17, P2o-P23, P4o-P41{ | =| 20 | mA 
“H” average output current POo—PO7, P1o-P17, P2o—P2s, 
oe P4o-P4: (Note 3) {| fs te 
ree, “L” average output current POo-P07, P10-P17, P2o-P2s, Pf | to | a 
P4o-P41 (Note 3 
fonta) _| Timer input frequency CNTRo (P32), CNTR: (P33) (Note 2) [| | | = 4 | MHz 
ficLk) Serial VO clock input frequency CLK(P16«) (Note 2) | MHz 
{(Xin) Clock oscillating frequency (Note 2) a ee eee 


Note 2: Oscillation frequency is at 50% duty cycle. 
3: The average output current lox(avg) and lo(avg) are the average value during a 100ms. 
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4.5 Electric Characteristics 





Electrical characteristics (Vcc=2.7 to 5.5V, Vss=O0V, Ta=-20 to 85°C, unless otherwise noted) 


Symbol Parameter Test Conditions ents “Unit 

















|Min. | Typ. |Max. | 
a “H” output voltage POo-P07, P1o-P17, | Vec=5V, lou=-5mA ia ae . 
P2o-P23, P4o, P41 Voc=3V, lou=—1.5mA Se ae 
v2 “L” output voltage PQc-P07, Pto-P17,  |Voc=5V, lo.=10mA a a i 
P2o-P23, P4o, P41 Vec=3V, lo.=3mA he a 
a | CSO ne, tl OO. | 
ies aia SA ei aaa Voo=3VSS™SC™~C~SSSC*SdS =| 
—— = Nese Oe 
tal (A aaa Veo=sVSCS™SC~—SCSSCS;~Cs id 
Voc=5V | FL 05 es 
+-ViI- P K se as CLK input 
ee ee ee use as CLK inpot eat — Iga : 
Vi=OV, Vec=5V{ | | 5], 
: “L” input current POo-P07, P1o—-P17, not use pull-up transistor /Vcc=3V| || -3] B 
P30-P32, P4o, P4: Vie OV, A 
use pull-up transistor Vec=3V |-0.08|-0.18/-0.35|™ 
ao E Veo=5V| | |S 
Se a ee ee HA 
VizOV, not use as analog input, |Vec=5V[ | | 5 ie 
| “\” input current P2o-P2: not use pull-up transistor | Vec=3V} || U 
IL Viz0V, not use as analog input, - 
| use pull-up transistor mt 
pos Vi=OV Voc=5V | ae) 
lie L” input current RESET, Xi (Xin is at stop mode) Neovl. 28 LA 
| “H” input current POo-P07, P1o—-P17, Vi=Vec, Vec=5V} | |S rn 
_ P30-P32, P4o, P4: not use pull-up transistor [Vcc=3V1 | Tf B 
ap j VoceoV [=o]... 5) 
n rrent P Vi=V Voo=5V | 
IH H” input current P33 i=Vec Mesa pA 
aiid Vi=Voc, not use as analog input,| Vcc=5V a a aa 
HH H input current P20—-P23 not use pull-up transistor Weex3V1 || uA 
ape Vi=Vec, Vec=5V{ | |S 
[IH H” input current RESET, Xin (Xv is at stop mode) Voe=xaV1 || LA 
At normal operation, Voo=5V) | 35) 7 
A-D conversion is not executed 
Xn) Mecw3v| | 18) 36 
i a as] |e ala 
ise Supply current A-D conversion is executed 
(Xn Mecesv| | | 4 
At wait mode, Mec=5V] | tT 
(Xn) =MHz Veo=aV | [os] a] 
Stop all oscillation Ta=25°C] | Ot] tla, 
Vec=5V Ta=85°G | 1] 10/ 
Vram |RAM retention voltage Stop all oscillation ae ee ae T 
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4.5 Electric Characteristics 





A-D converter characteristics 
(Vcc=2.7 to 5.5V, Vss=0V, Ta=—-20 to 85°C, f(Xin)=4MHz, unless otherwise 


Symbol Parameter Test Conditions a Max. 


) | Min. | Typ. | Max. | 

— [Resolution | 

— [Nonlinearity error | s—“‘“‘“‘(RS Cd ee 
—[Diferential non-inearly enor [—SsS—S—S—SSSCSC‘id 

+ |Vec=Vrer=5.12V, lou(sum)=OmA | | | 

os Vec=Vrer=5.12V are ee ae 

se Fuscale transition enor Cea BEERS TB ———____}___}_}_+ 

tcow [Conversion time = | s—“‘“(;CS*S™SC*drTSCi‘ésd‘C C(#S$RNS UNS SCH 

Vvaer Reference input volage =| SSCSC~“~“~S~S~S~S~S~«~ Ve 

Rusooes [Ladder resistance value -|[-—~—~=S=S~—S—“—SsS~—SsSC—S S| Bt 
Via [Analog input volage Si SSSSSCSC—~—S 
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Unit 


bits 
LSB 
LSB 


LSB 


BUILT-IN PROGRAMMABLE ‘ROM VERSION 


4.5 Electric Characteristics 





4.5.2 Electric characteristics of M37471E4-XXXSP/FP, M37471E8-XXXSP/FP and M37471E8SS 


Absolute maximum ratings 






























Symbol Unit 
Voc Supply voltage V 
Vi Input voltage Xn = V 
Input voltage POo—-P07, P1o—P17, P2o—P2z, With respect to Vss 
Vi P30-P33, P4o-P43, P5o—P5s, Output transistors are eee oe V 
Veer, RESET | at “OFF” state. 
Vo Output voltage POQo-P07, P1o—-P17, P2o—P27, 03 to Voc+0.3) V 
P4o—P43, Xout 
Pd mW 
Topr [Operating temperature —=S=*=“‘*‘“*dSC‘“‘“ ;CNCSN#;*#‘“;S(ONO | °C 
Tsig [Storage temperature ———SSCSCSC~id SSCS SCOT THC 


Note 1: At writing to PROM, the value for P33 is 13V. 
2: 500mW for M37471E4-XXXFP and M37471E8-XXXFP. 


Recommended operating conditions (Vcc=2.7 to 5.5V, Vss=AVss=0V, Ta=-20 to 85°C, unless otherwise 








ngtec | 
ymbol Parameter Min Unit 
Veo V 
Vss___ [Supply voltage 
AVss__|Analog supply voltage CT 
Vin “H” input voltage POc—P07, P1o—-P17, P30-P3s, RESET, Xn 1 0.8Vcc | st Vee OL CV 
Vin |“H” input voltage P2o-P27, P4o-P4s, Pbo-PSs (Note 3) | 0.7Vec | | Veco =| CV 
Vit “L” input voltage POc-P07, P1o-P17, P3c0-P3s3 a eae eee 
Vit “L” input voltage P2o-P27, P4o-P4s, P5o-P53 (Note 3) r O fC«*d 0.25 Veco | OV 
Vit “L’input voltage Xn 0 Veco | 
Vit “LY input voltage RESET AV | V 
jonfum) [HF sum output current P0c-POr, Pao-Pas——=S~rCS*~“‘~‘“~srSCSS*dYC Om 
lou(sum) |" sum output current Pto-Ptr, Pao-P2r——~=SCSCS~SSCSCS*dCSTS*dY 80 | 
lo.(sum) |“L” sum output current POQc-P07, P4o-P4a | Tm 
ioufsum) [°C sum output current Pto-Pt7, P2o-P27——S~sSCS*~dCSS*dS | 
jon(peak)|"H” peak output ourrent POs-P0:, Plo-Pty, PaePar, PaP&e [| | 10 [mA 
lo.(peak) |“L” peak output current POo-P07, Pio-P17, P2o-P27, P4o-P4s | | | 20 | SMA 
eis “H” average output current POo-P07, P1o-P17, P2c-P27, Sars nak 
P4o—P4s (Note 6) 
ian “L” average output current POo-P07, P1o-P17, P2o-P2z, dh a se 
P4o—P43 (Note 6) 
f(cnTR) Timer input frequency CNTRo (P32), CNTR: (P33) (Note 4 a ee ee ee 
f(cLk) Serial /O clock input frequency CLK(P16) (Note 4) a ee ee 
{(Xin)__| Clock oscillating frequency (Note 4) 4 MH 
f(Xcin) | Clock oscillating frequency for clock function (Note 4, 5) P| 2 | 50 |sCkHz 


Note 3: It is except to use P50 as Xe. 
4: Oscillation frequency is at 50% duty cycle. 
5: When used in the low-speed mode, the clock oscillating frequency for clock function should be 
f(Xcin)<f(Xin)/3. 
6: The average output current lou(avg) and lo(avg) are the average value during a 100ms. 


— 
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Electrical characteristics (Vcc=2.7 to 5.5V, Vss=AVss=0V, Ta=-20 to 85°C, unless otherwise noted) 


Symbol Parameter Test Conditions eee Unit 
- “H” output voltage POo-P07, P1o-P17, [Vcc=5V, lovw=5mA ae . 
ia P20-P27, P4o-P4s |Vcc=3V, lou=—1.5mA (dca! 
Vo. | L’ Output voltage POo-P07, P1o-P17, [Voc=5V, lo=10MA ae EF 
— P20-P27, P4o—P43 |Vcc=3V, loc=3mA Po 
| le 
Pee eee eae 
oe eal 
li ave ca rite 
V1+—-Vt-|Hysteresis P16/CLK use as CLK input — V 
pipet Vi=0V, Vcc=5V 
L” input current POo-P07, P1o-P17, | rot use pull-up transistor = WA 
Nie P30—-P32, P4o—-P4s, Vi=0V 1.0 | 
P50—P53 = mA 





z 


oo 1 |b Lie ftoie |é 
on 
Bo 
> 


use pull-up transistor 


lie “L” input current P3s =0V 


Vi=OV, not use as analog input, 

not use pull-up transistor 
Viz0V, not use as analog input, 
use pull-up transistor 


< 
(@) 
© 
< 
= 
> 


3 


Cc 
> 


li “L” input current P2o—P27 


<|< 
alo 
@ 1G 
O1; CO 
<< 


=3 


= 
> 


| 
<ji< 
a 19 
O10 
Hoyt yl 
oO 
<|< 


< <|</< 

i?) QO }9O 1O 

i facah 
Gj} 

< <<< 

ee ne 

Oy} On 
on co |}oOr 





co 


bib bik alololololo 
lin ate wo |i [Oo | Gn | Go | on 


< 
i 
< 


sian DEGET Vec=5V 
In L” input current RESET, Xn Din Bi stom node) Tay, HA 
“H” input current POQo—PQ7, P1o—P1z, Vives. Vcc=5V 
ve PSo-F'S2, PAc-PAs, | not use pull-up transistor 
P5o-P5: ae cael Veo=3V 





c 
> 


oO 
?) 
Il 

w 


<< 
| 
<|< 


< 
i?) 
Q 
i 
or) 
< 


ae | | Vi=Voc, not use as analog input, Vcc=5V A 
NH H” input current P2o—-P27 not use pull-up transistor UL 
: 


c 
> 


eee aes Vi=Vecc, 
lH H” input current RESET, Xin - |(Xwv is at stop mode) 


At normal operation, 

A-D conversion is not executed 

f(Xin)=4MHz 

At normal operation, 
A-D conversion is executed 








< 
© 
1?) 
I 
oO 
< 


- 
on 


'@) 
‘@) 
it 
Ww 
< 
3 
> 














Vcc=3V 





At low- speed mode, 
Xcour iS low-power mode, 


—_— (ee) —_ 


< 
(?) 
re) 
ll 
1 
< 
= ro) 
50 
> 


















Icc A-D conversion is not executed 
f(Xn}=0Hz, f(Xon)=32kHz, Tax25°c |“Co=3V 
At wait mode, Vec=5V | | 1 A 
f(Xin) =4MHz Vec=3V{ | 05 | 1 |" 
At wait mode, f(Xin)=0Hz, = 
f(Xcin)=32KHz, XcouT is Mec=sV| | 8 | 
low-power mode, Ta=25°C = |Vec=3V met rs HA 
Stop all oscillation | Ta=25°Q =| OO. | 1 | 
Vec=5V | Ta=85°C] =| 1 | 10 | 
Vaan [RAM retention vokage [Stop all oscilaton | | 2 | |v 
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A-D converter characteristics 
(Vcc=2.7 to 5.5V, Vss=AVss=0V, Ta=—20 to 85°C, f(Xin)=4MHz, unless otherwise noted) 


Limits 


Symbol Parameter Test Condition Min. | Typ. | Max. | co Unit 
— [Resolution | 8 bits 
—__|Non-inearity error es es es ee ) 
— [Differential nonsinearity eror| 0.9 | LSB 

- Vec=VreF=5.12V, lo(sum)=OMA | | | 2. 
ue Zero transtion enor yaya 72H. fo(sumj=OmA; *| —Ssd|~Si SCS 
. Voc=Vrer=5.12V ete ts eal ee ae 

VEST Full-scale transition error Vec=Vrer=3.072V Se) See eas LSB 

tcow [Conversion time | —i—iss—‘iLS ts 

Vvrer | Reference input voltage Pf 05Vec | Vc CV 

Riaover | Ladder resistance value Po B10 

Via__ [Analog input voltage V 
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APPENDIX 1 _ 
Appendix 1 Handling of unused pins 





Appendix 1 Handling of unused pins 


Pin name | _ Handling 

P00 to P07, P10 to P13, P15, P17, Either leave open, or pull-up to Vcc or pull-down to VSs by resistors. 
P20 to P27, P4o to P43 (Note 1, Note 2) 
P14/SIN, P16/CLK Pull-up to Vcc or pull-down to VSS by resistors. (Note 1, Note 2) 
P30 to P33 Connect to Vcc or VSS. | 
P50 to P53 Either leave open, or pull-up to Vcc or pull-down to VSS by resistors. 

- 4 (Note 3) 
VREF | Connect to Vcc 


Note 1: If pulling-up a pin, set the status of that pin to either input or “H” level output. 

Note 2: If pulling-down a pin, set the corresponding register to make the status of that pin either input without a 
pull-up transistor or “L” level output. 

Note 3: If pulling-down a pin, set the corresponding register to make the status of that pin input without a pull-up 
transistor. If not using the P50 and P51 pins, select ports P50 and P51 for them. 


Vie: 


APPENDIX 2 


Package outline 





Appendix 2 Package outline 


Package outline of M37470M2-XXXSP, M37470M4-XXXSP, M37470E4-XXXSP, M37470M8-XXXSP, and M37470E8-XXXSP 


TYPE 32P4B 32-PIN MOLDED PLASTIC DIP (LEAD PITCH 1.778mm) 


Dimension in mm 


9g +0-5 


0.2 
; @ 
CUP I ie i er a a a a a 


| 10.1640.3 | 


ae 





Package outline of M37471M2-XXXSP, M37471M4-XXXSP, M37471E4-XXXSP, M37471M8-XXXSP, and M37471E8-XXXSP 


TYPE 32P4B 32-PIN MOLDED PLASTIC DIP (LEAD PITCH 1.778mm) 


Dimension in mm 


15.2440.3 


et 


aan 
+0.07 
il 0.27_9 05 
15.2~17 
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Package outline of M37471M2-XXXFP, M37471M4-XXXFP, M37471E4-XXXFP, M37471M8-XXXFP, and M37471E8-XXXFP 





TYPE 56P6N 56-PIN MOLDED PLASTIC QFP (LEAD PITCH 0.8mm) Dimension in mm 


2.8 ,OMIN 


- 








12.8+0.3 
10.0 +0.2 















16.8+0.3 
CTT 


SEATING PLANE 


3.05MAX 


Package outline of M37471E8SS 


TYPE 42S1B 42-PIN CERAMIC DIP 


Dimension in mm 


40.6440.40 





15.4940.25 





15.2440.25 


| 
4 

@ Li | 
3.05MAX : 
t 


0.4640.05 
(0.8) 
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Package outline of M37471RSS 


TYPE 42S1M 42-PIN PIGGYBACK DIP Dimension in mm 


40.64+0.4 


re é! 


BOC eeeesecodcc) 


19,040.25 


2.54+0.25 15.2440.3 





1.77840.15 


35.5610.3 
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Appendix 3 Notes for usage 
Note for using 7470 Series as following. 


1. Note about Processor Status Register 

1.1 The processor status register initialization 

The contents of processor status register(PS) is indeterminate 
after reset except the | flag. Therefore the flags that influence on 
execution of program, are required to initialize. 

Especially initialize the T flag and D flag are influenced on 
operation directory. 


1.2 How to refer to the processor status register 

(1) Execute a PHP instruction to store the contents of processor 
status register(PS) into stack(S+1) 

(2) Read from the contents of stack(S+1). 

(3) To restore the previous PS from stack, execute a PLP instruc- 
tion. However, a NOP instruction is needed after execute the 
PLP instruction. 


2. Note for Interrupt Function 

More than one instruction cycle is needed to execute the BBC or 
BBS instruction after switching the value of interrupt request 
registers(interrupt request register 1: address OOFC16 and inter- 
rupt request register 2: address OOFD16 ). 


116 


| Flags initializing 


S 
S+1 Saved PS 


PLP instruction 


NOP instruction 


Switch the interrupt request bit 
NOP instruction 
BBC or BBS instruction 





APPENDIX 3 


Notes for usage 





3. Note for Serial I/O Function 

1 Clear th rial I/O inter nable bi 
At serial I/O interrupt function, clear(set “O”) the serial I/O 
interrupt enable bit (bit 6 of address OOFE16) by execution a 


CLB instruction, before setting serial /O mode register. Clear(*0") the serial I/O 


interrupt enable bit 


.2 At clearing th rial /O interrupt r 
At serial |/O interrupt function, more than one instruction Sel h ‘al VO mod 
cycle is needed until clearing (set “O” by a CLB_ instruction) 


the serial 1/O interrupt request bit (bit 6 of address O0FC16) 
after setting the serial I/O mode register. 


NOP instruction 


ing th rial /O_interr nable bi 

It is required to set “1” the serial /O interrupt enable bit (bit Clear(“0”) the serial I/O 
6 of address OOFE16), after clearing the serial I/O interrupt interrupt request bit 
request bit. 


set(“1”) the serial 1/O 
interrupt enable bit 





4. Note for Decimal Operation 

4.1 l learing th imal_m fl 

In decimal operation mode(at D flag="1”), more than one in- 
struction cycle is needed before SEC, CLC, or CLD instruc- 
tion after the ADC or SBC instruction. 

4.2 \gnored fi : 
The N (Negative), V (oVerflow), and Z (Zero) flags are 
ignored, when executing the ADC and SBC instructions 
during decimal mode. 


Set(“1”) the decimal 
mode flag D 


NOP instruction 


SEC, CLC, or CLD instruction 





5. Note for others 

5.1 Timer division ratio 

Timer division ratio is 1/(n+1) (where n=0 to 255), 
.2_A-D_ conversion 

(1) A-D conversion is necessary to start after the reference voltage level is enough stability. 

(2) The STP instruction must not be executed during A-D conversion. 
3 Prevention plain noi nd_latch- 

Connect the following external circuits to the M37470 to prevent noise and latch-up: 

« Connect a bypass capacitor of approximately 0.1uF between the Vcc and VSS pins, using comparatively thick 
wire that is as short as possible. 

¢ Connect a bypass capacitor of approximately 0.1uF between the VREF and Vss (and AVss ai the 56-pin flat QFP 
package) pins, using comparatively thick wire that is as short as possible. 


VAT 
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Appendix 4 7470 Series memory map 


M37470M2, M37471M2 


Hexadecimal notation Decimal notation 
000016 0 
RAM 
(128bytes) 
Zero page 008016 128 
Not used 
00C016 SER 192 


(refer Appendix 5) 


010016 206 


Not. used 


FOOO16 61440 


FFOO16 - 65280 


ROM 
(4K 
bytes) 
Special page 


FFEA16 65514 


Vector table 
(refer Fig. 2.3.5) 


FFFFi6 © 





65535 
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M37470M4, M37471M4 





Hexadecimal notation Decimal notation 
000016 0 
RAM 
(192 bytes) 
Zero page 
O0CO0i6 SER 192 
(refer Appendix 5) 
010016 256 
Not used 
: Za : 
ROM FFOOi16 65280 
(8K 
bytes) 
Special page 
FFEAt16 65514 
Vector table 
(refer Fig. 2.3.5) 
|_FFFFt6 65535 
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7470 Series memory map 


M37470M8, M37471M8 













Hexadecimal notation Decimal notation 
000016 0) 
RAM 
(192 bytes) 
Zero page 
00CO0i6 SER 192 
(refer Appendix 5) 
010016 256 
RAM 
(192 bytes) 
01C016 | 448 
Not used 
C00016 49152 
ROM 
(16K 
- ~ a - 
Special page FFEAt6 65514 
Vector table 
(refer Fig. 2.3.5) 
FFFFie 65535 





120 


APPENIX 5 
SFR memory map 


a ee a a ee Bee aa a aE re eT Be a AT I IE NE I aS AI EE EE RII EEA 


Appendix 5 SFR memory map 



















000016 00E016 f 
00C116 | Port PO direction register OOE116 
00C216 0026 | 


Port P1 direction register 


00C316 OOES316 | 
00C416 004i | 


00C516 | Port P2 direction register OOE516 | 
00C616 | Port P3 OOE6i16 | 


00C716 
00C816 
00C916 
OOCA16 
OOCBi6 
00CC16 
oOoCD16 


O0E716 | 
Port P4 OOE8i6e | 


Port P4 direction register OOE916 7 
Port P5 (Note 1) OOEA'6 | 


OOEBi6 | 
OOECi6 : 
OOED 16 





































OOCE16 OOEE16 
OOCF 16 |}: : OOEF 16 | 
000016 00F ox 
00D 11 OOF 116 









ooD2ie F | 00F 2x6 
ooD4r« ooF aie | 
ehebg So TOE ial eee 


OOF 616 f 


O0F716 | Timer FF register 7 
: OOF816 | Timer 12 mode register 
A-D control register OOF916 | Timer 34 mode register 


0OD616 
00D716 
00D816 
00D916 


Input latch register 























o0DAte OOF At6 
ooDBie | | ooF Bie 
00DC16 OOF Cre 
00DD16 OOFD16 
OODE16 OOFE16 | Interrupt control register 1 


Serial I/O counter Byte counter : 


OODF 16 §: 


Interrupt control register 2 


OOFF16 


Note 1: This address is not used in M37470M2, M37470M4 and M37470M8. 
2: Shaded area is not used. 
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Appendix 6 Control registers 


b7 ~ bd 


Port PO pull-up control register 
(address 00D016) 


0: without pull-up transistor 


Port 
Port 
Port 
Port 
Port 
Port 
Port 


Port 


POo 


P01 


PQ2 


PO3 


P04 


P05 


P06 


P07 


pull-up 
pull-up 
pull-up 
pull-up 
pull-up 
pull-up 
pull-up 


pull-up 


1: with pull-up transistor (when input port is selected) 


control 


control 


control 


control 


control 


control 


control 


control 


bit 


bit 


bit 


bit 


bit 


bit 


bit 


bit 


Ports P1 to P5 pull-up control register 
(address 00D116) 


bO 





Port 
Port 
Port 
Port 
Port 
Port 


0: without pull-up transistor 


P10-P13 


P14-P17 


P20-P23 


P24-P27 


P40-P43 


P50-P53 


pull-up 
pull-up 
pull-up 
pull-up 
pull-up 


pull-up 


1: with pull-up transistor (when input port is selected) 


control 


control 


control 


control 


control 


control 


Note: M37470M2, M37470M4 and M37470M8 do not have bit 3 and bit 6. 
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bit 
bit 
bit 
bit 
bit 


bit 
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b0 
r | ft ft Active edge selection register : EG 
: - (address 00D416) 


INTo edge selection bit 
0: falling edge 
1: rising edge 





INT1 edge selection bit 
0: falling edge 
1: rising edge 


CNTRo edge selection bit 
0: falling edge 
1: rising edge 


CNTR1 edge selection bit 
0: falling edge 
1: rising edge 


CNTRO/CNTR1 interrupt selection bit 
0: CNTRo 
1: CNTR 


INT1 source selection bit at WIT or 
STP instruction execution 
0: P31/INT1 
1: POo-P07 “L” level input (for key 
on wake up) 
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bd 
: Input latch register : ILR 
: , (address 00D616) 


P380/INTo latch bit 
When INTo edge selection bit is “0”, 
the level of the INTo pin is inverted 
then latched; when “1”, the level of 
the INTo pin is latched as it is. 


P3i1/INT1 latch bit 
When INT1 edge selection bit is “0”, 
the level of the INT1 pin is inverted 
then latched; when “1”, the level of 
the INT1 pin is latched as it is. 


P32/CNTRO latch bit 
When CNTRo edge selection bit is “0”, 
the level of the CNTRo pin is inverted 
then latched; when “1”, the level of 
the CNTRo pin is latched as it is. 


P33/CNTR1 latch bit 
When CNTR1 edge selection bit is “0”, 
the level of the CNTR1 pin is inverted 
then latched; when “1”, the level of 
the CNTR1 pin is latched as it is. 


A-D control register : ADCON © 
(address 00D916) 





Analog input selection bit 
000: P2o/INo 
001: P21/IN1 
010: P22/IN2 
011: P23/INs 
100: P2da/iIN4 
101: P25/IN5 
110: P2é6/IN6é 
111: P27/IN7 


A-D conversion completion bit 
0: during conversion 
1: conversion completion 


VREF connection selection bit 
0: VREF connection cut 
1: VREF connected 


This bit is always set to “0” 
Note: The M37470M2, M37470M4 and M37470M8 do not have the P24/IN4 to P27/IN7 pins. 
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Serial /O mode register : SM 
(address 00DC16) 


Internal clock selection bit 
00: f(XIN) or f(XCIN) divided by 8 
01: f(XIN) or f(XCIN) divided by 16 
10: f(XIN) or f(XCIN) divided by 32 
11: f(XIN) or f(XCIN) divided by 512 
Synchronization clock selection bit 
0: external clock 
1: internal clock 


Serial 1/O port selection bit 
0: normal port (P15, P16) 
1: serial I/O port (SOUT, CLK) 


SRDY signal output selection bit 
Q: Normal port (P17) 
1: SRDY signal output 


SRDY signal selection bit 
0: SRDY signal 
1: SARDY signal 


Serial I/O byte specification mode selection bit 
0: normal mode 
1: byte specification mode 


P15/SOUT, SRDY output format selection bit 
0: CMOS output 
1: N-channel open drain output 





Timer FF register : TF 
(address OOF716) 


Timer 1 overflow flip-flop 


Timer 4 overflow flip-flop 
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b7 bO 
Timer 1, 2 mode register : 112M 
(address OO0F816) 


Timer 1 count stop bit 
0: count 
1: stop 


Timer 1 count source selection bit 
0: ‘internal clock 
1: CNTRo 


Timer 1 internal clock source selection bit 
0: f(XIN) or f(XCIN) divided by 16 
1: CNTRo 


Port P12/To output selection bit 
0: port P12_ 
1: To (timer 1 overflow output divided by 2) 


Timer 2 count stop bit 
0: count 
1: stop 


Timer 2 count source selection bit 
QO: internal clock 
1: timer 1 overflow signal 


Timer 2 internal clock source selection bit 
OO: f(XIN) or f(XCIN) divided by 16 
O1: f(XIN) or f(XCIN) divided by 64 
a N) or f(XCiN) divided by 128 
XIN) or f(XCIN) divided by 256 


Note: Do not select f(XciIN) as the count source in the M37470M2, M37470M4 and M37470M8. 
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b7 bd 
Timer 3, 4 mode register : T34M 
(address OOF916) 


Timer 3 count stop bit 
0: count 
1: stop 


Timer 3 count source selection bit 
OO: f(XIN) or f(XCIN) divided by 16 
01: f(XCIN) 

10: timer 1 or timer 2 overflow 
11: CNTR1 


Timer 4 count stop bit 
0: count 
1: stop 


Timer 4 count source selection bit 
00: timer 3 overflow signal 
O01: f(XIN) or f(XCIN) divided by 16 
10: timer 1 or timer 2 overflow 
11: CNTR1 


Timer 4 pulse width measurement mode 
0: timer mode 
1: pulse width measurement mode 


Port P13/T1 output selection bit 
0: port P13 


1: Ti(timer 4 overflow output divided 
by 2 or PWM output) 


Note: Do not select f(XCIN) as the count source in the M37470M2, M37470M4 and M37470M8. 
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‘bO | 
Timer mode register 2 : TM2 
(address OOFA(i6) 


Timer 1 overflow flip-flop set enable bit 
0: set disable 
1: set enable 


Timer 4 overflow flip-flop set enable bit 
0: set disable 
1: set enable 


Timer 3 and timer 4 count overflow signal selection bit 
0: timer 1 overflow signal 
1: timer 2 overflow signal 


Timer 3 and timer 4 function selection bit 
0: normal mode 
1: PWM mode 





CPU mode register : CM . 
(address OOFB16) 


These oie are set to “OQ” 


Stack page selection bit 
0: page 0 
1: page 1 


P50, P51 / XCIN, XCOUT selection bit 
Q: P50, P51 
1: XCIN, XCOUT 


XCOUT drive power selection bit 
0: low power 
1: high power 


Main clock (XIN-XoUT) stop bit 
0: oscillation 
1: stop 


System clock selection bit 
0: XIN-XOUT selection (normal mode) 
1: XCIN-XCOUT selection (low-speed mode) 


Note: In the M37470M2 and M3/7470M4, set all of these bits to “0”. 
In the M37470M8, set all of these bits to “0”, except for bit 2. 
In the M37471M2 and M37471M4, set bit 2 to “O”. . 
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b0 
Interrupt request register 1 : IR1 
(address OOFC16) 


Timer 1 interrupt request bit 
Timer 2 interrupt request bit 
Timer 3 interrupt request bit 
Timer 4 interrupt request bit 
Serial I/O interrupt request bit 


A-D conversion interrupt request bit 


0: no interrupt request 
1: with interrupt request 





Interrupt request register 2 : IR2 
(address OOFD16) 


INTo interrupt request bit 
INT1 interrupt request bit 


CNTRo or CNTR1 interrupt request bit 


0: no interrupt request 
1: with interrupt request 
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‘b7 b0 | 
ae ERE Interrupt control register 1: 1E1 
= (address OOFE16) 


Timer 1 interrupt enable bit 
Timer 2 interrupt enable bit 
Timer 3 interrupt enable bit 
Timer 4 interrupt enable bit 
Serial I/O interrupt enable bit 


A-D conversion interrupt enable bit 


0: interrupt disable 
1: interrupt enable 





_ Interrupt control register 2 : IE2 
(address OOFF 16) 


INTo interrupt enable bit 
INT1 interrupt enable bit 


CNTRo or CNTR1 interrupt enable bit 


0: interrupt disable 
1: interrupt enable 
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Appendix 7 Machine language instruction table 


\ Parana FLAG INSTRUCTION CODE _| ayte 
SYMBOL FUNCTION NVTBD1IZC| D7Ds Ds Ds Ds D2D1Do 
2 


Data Transfer 





CYCLE 
AGtcle JNoTE 
2 2 


LDA #$nn - 

LDA $2zz 2 3 

LDA $zz,X 2 4 

LDA $hhll 3 4 

LDA $hhil,X | (A) <— (M) where M=(hhll+(X)) 1 3 5 

LDA $hhil,Y | (A) — (M) where M=(hhil+(Y)) 0 3 5 

LDA ($zz,X) | (A) < (M) where M=((zz+(X)+1)(zz+(X))) . 2 6 2 
LDA ($zz),Y | (A) — (M) where M=((zz+1)(zz}+(Y)) 2 6 2 


PhP #MO DV BD 


PO 














































































LDX #$nn (X) nn OXXXXXOX|1 01 Dae 2 2 
3 {LDX $zz (X) < (M) where M=(zz) OXXRXKOX}1 010, o ) 3 
S |LDx $2z,¥ | (x) < (M) where M=(zz+(Y)) SERRE FEO ae ale 

LDX $hhil (X) <— (M) where M=(hhil) OXXXXXOX/1 010,04 1 3 4 

<B3> 

LDX $hhil,Y — | (X) — (M) where M=(hhil+(Y)) OXXXXXOX/1 011,01 1 3 5 

<B3> 

LDY #$nn OxXXXxXOX]1 0 1 oo0 2 2 

LDY $zz (M) where M=(zz) OXXXXXOX]1 0 1 oa 2 | 3 

LDY $2z,X (M) where M=(zz+(X)) a 0 2 4 

. < > 

LDY $hhll (M) where M=(hhll) OXXXXXOX]1 0 1 orem 3 4 

<B3> 

LDY $hhil,X | (Y) — (M) where M=(hhil+(X)) OXXXXXOX]1 01 1... BC 3 5 

<B3> 
<B3> 

STA $zz (M) <— (A) where M=(zz) XXXXXXXKXK/1 0 0 are 10 1) 85 2 4 

STA $zz,X (M) < (A) where M=(zz+(X)) XXXXXXXX/1001,,0 101) 95 2 5 

STA $hhll (M) <— (A) where M=(hhll) XXXXXXXX]1 000.1 10 1) 8D 3 5 

<B3> 

STA $hhil,X — | (M) — (A) where M=(hhll+(X)) XXXXXxXXX]1 001,41 10 1) 9D 3 6 

<B3> 

STA $hhil,Y — | (M) — (A) where M=(hhll+(Y)) XXXXXXXX/1 00 14,1 00 1 3 6 

<B3> 

STA ($zz,X) | (M) <— (A) where M=((zz+(X)+1)(zz+(X))) XXXXXXXK}1 000000 1 2 7 

STA ($zz),Y | (M) < (A) where M=((zz+1)(zz)+(Y)) XXXXXXXX/|1 0 0 Vago? Oc 2 7 






















STX $2zz 
STX $2zz,Y 
STX $hhil 


(M) < (X) where M=(zz) 
(M) < (X) where M=(zz+(Y)) 
(M) < (X) where M=(hhll) 





xxXxXXXxXXxX}1000_ 0 86 2 4 | 
<B2> 
xXXXXXXX!11 001. O 96 2 5 
<B2> 
xxXxXXxxXXXX!11 000, 1 8E 3 5 
<B2> 
<B3> 


XXXXXXXxX/1 00 04,0 


















STY $2zz 
STY $2zz,X 
STY $hhii 


TAX X) OXXXX XOX} 1 
TXA A) OXXXX XOX} 1 
M( 


(M) < (Y) where M=(zz) 
(M) <— (Y) where M=(zz+(X)) 
(M) < (Y) where M=(hhil) 


XXxXxXxXxKKxX}1 001, 010 0 
<B2> 


XXXXXXXxX/1000 11004 
<B2> 


<B3> 























(X) <— (A) 0 10 
(A) <— (X) 0 1 0 
TAY (Y) — (A) OXxXXxXxXOX]|1 0 1 0 
TXS (S) — (X) XXXXXXXX}1 0 <6 
pues) «Psy iS — KXXHAXK | 0.0.91 
= {PHP M(S)) — (PS) , (S) — (S) — 1 XXXXXXXxX10 000 10 
PLA (S) — (S) + 1 , (A)< (M(S)) OXXXXXOX}]0O 110 10 68 
PLP (S) < (8) +1, (PS) — (MIS) io ae Ce ee 28 


1 0 
0 0 
1 0 
0 1 
11 
0 1 
0 


Oo o!1oorr--_!0ooj— = 
Oo O;/0 oO, Oo O;0 OC] oO Oo 





as 
GO 
ik 
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\ Paar | FLAG INSTRUCTION COD BYTE | CYCLE ; 
SYMBOL FUNCTION NVTBDIZC[D7Ds Ds De Ds D2D:Do 
2 2] 1 


Operation 
Add and Substruct 





A) + nn + (C) OOXXXXO0/0110,1001 


B2 
A) + (M) + (C) where M=(zz) OOXXXXO0/0 110,,0 101 
A) + (M) + (C) where M=(zz+(X)) OOXXXxO00 

ADC $hhil A) + (M) + (C) where M=(hnhil) OOXXX XO O 





1 0 1 
<B2> 


0 11 
<B2> 

: <B3 
ADC $hhil,X | (A) — (A) + (M) + (C) where M=(hhll+(X)) OOXXXXO O ; = 
< > 
rica! 


ADC $hhil,Y | (A) — (A) +(M) + (C) where M=(hhll+(Y)) OOXXXXO O ae 


ADC ($zz,X) | (A) <— (A) +(M) + (C) OOXXX XO O 
where M=((2z+(X)+1)(z2z+(X))) 


ADC ($zz),Y | (A) — (A) + (M) + (C) OOXXXxXO O 
where M=((zz+1)(zz)+(Y)) 


SBC #$nn 

SBC $zz 

SBC $zz,X OOXXXXO O 
SBC $hhil OOXXXxXO O 


SBC $hhil,X | (A) — (A)—(M)—(C) OOXxx xO 0 
where M=(hhll+(X)) | 


SBC $hhil,Y | (A) — (A) — (M) — (C) OOXXX XO O 
where M=(hhll+(Y)) 


SBC ($zz,X) | (A) <— (A) — (M) — (C) OOXXxX XO O 
where M=((2z+(X}+1)(2Z+(X))) 


SBC ($zz),Y |(A)— (A) (M) —(C) OOXxXxxOO 
where M=((zz+1)(zz)+(Y)) 


< (A) +1 | OXXXXXO Xj0 3A 1 
(M) <— (M) + 1 where M=(zz) OXXXX XO X 0 1 E6 2 
M) <— (M) + 1 where M=(zz+(X)) OXXXX XO X 1 1 F6 2 
(M) <— (M) + 1 where M=(hhil) OXXXX XO X 0 EE 3 
(M) < (M) +1 where M=(hhll+(X)) OXXXX XO X td Fe. 36 iy 
OXXXXXO X 1A 1 2 
M) — 1 where M=(zz) OXXXXXO X 01 C6 2 5 
M) — 1 where M=(zz+(X)) OXXxXX XO X o 1 D6 2 | 6 
DEC $hhil M) — 1 where M=(hhil) OSA xO X 1 CE 3 6 
DEC $hhil,x | (M) <— (M) —1 where M=(hhll+(X)) OXXXXxXO X/1 1012.1 110) DE 3 7 
<B3> 


INX (X) < (X) +1 OXXXxXxXO X/]1 110 #1000! £8 1 2 
INY (Y) + (Y) +1 OXXxXxXxO X/1 100 1000! Cg { 2 


Oo oOo Mm 
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FUNCTION NVTBD 1ZC1 DrDsDsDeD,D:0.Del HEX 
AND #$nn OXXXXXOX/0 010 29 

AND $2zz 
AND $2zz,X 
AND $hhll 































OXXXX XOX 
OXXXX XOX 









OXXXXxXOX 






AND $hhil,X | (A) — (A) a 





(M) where M=(hhil+(X}) OXXXX XO X 







AND $hhil,Y OXXXX XOX 





(A) <— (A) a 





(M) where M=(hhil+(Y)) 














AND ($zz,X) | (A) <— OXXXxX KO X 





(A)  (M) 
where M=((2z+(X)+1)(2Z+(X))) 


A (M) where M=((2z+1)(2z)+(Y)) 





AND ($2zz),Y 


ORA #$nn 
ORA $2z 
ORA $zz,X 
ORA $hhil 


OXXXX XOX 







OXXXX XOX 





OXXXXXOX 





OXXXX XOX 







OXXXXK XOX 

















































ORA $hhil,X | (A) — (A) v (M) where M=(hhil+(X)) OXXXX XOX 
< 
¢ = ORA $hhll,Y | (A) < (A) v (M) where M=(hhil+(Y)) OXXXX XOX 
‘-~— ® 
= | |ORA ($zz,X) | (A) — (A) v (M) OXXXX XO X 
6 g where M=((zz+(X)+1)(zz+(X))) 
S |ORA ($zz),Y | (A) — (A) v (M) where M=((zz+1)(zz)+(Y)) OXXXX XO X 
EOR #$nn (A) <— (A) OXXXX XOX 
EOR $zz (A) <— (A) V (M) where M=(zz) OXXXX XOX 
EOR $zz,X (A) <— (A) V (M) where M=(zz+(X)) OXXXX XO X 
EOR $hhil (A) — (A) V (M) where M=(hhil) OXXXXXO X 





EOR $hhil,x | (M) where M=(hhil+(X)) OXXXX XOX 


EOR $hhil,Y | (A) — (A) V (M) where M=(hhll+(Y)) OXXXX XO X 















EOR ($zz,X) | (A) — (A) V (M) 


where M=((22+(X)+1)(z2+(X))) 
EOR ($2z),Y (A) V (M) where M=((zz+1)(zz)+(Y)) OXXXXXOX 


(A) A (M) where M=(zz) MMXXXxXOX/0 0 1 = a 100] 24 
(A) A (M) where M=(hhil) MMXXXXOX/0010,,1 10 0) 2C 
<B3> 


TST se | (Mad? where Motz [eae CR 


OKXXXXXO X 
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\ Pasamel | = FLAG | = INSTRUCTION CODE BYTE | CYCLE 4 
SYMBOL FUNCTION NVTBDIZC] D7De Ds Ds Ds D2D1Do 
Sin S #$nn OXXXXXOO!] 110 Og! 001 2 3 
CMP $zz where M=(zz) ; OXXXXxXOO0;] 110 00 19! 2 3 3 
CMP $2zz,X 3 where M=(zz+(X)) OXXXXxXOO 1 50,0 | 2; 4 1]3 
CMP $hhil where M=(hhll) OXXXX xXOO Ono! | 3] 4/13 
- <B3> 
CMP $hhil,x | where M=(hhil+(X)) OXXXX KOO ee 3 ame Pies: 
® < 
aS <B3> 
CMP $hhil,Y = — where M=(hhil+(Y)) OXXXX XOO Paget 3 | 5 | 3 
c c 
° ° , <B3> 
2 | CMP ($zz,X) gy where M=((zz+(X)+1)(zz+(X))) | OXXXX XOO 0 2 | 6 |3 
5] 
= |CMP ($zz),Y 5 where M=((zz+1)(zz)+(¥))  |OXXXXXOO 2 | 6 | 3 
fe] 
©O |CPX #$nn OXXXXxXOO 2 2 
CPX $2zz where M=(zz) OXXXXxXOO 2 3 
CPX $hhll where M=(hhil) | OXXXxxXOO 3 4 
CPY #$nn OXXXXxXOO 2 2 
CPY $2z where M=(z2) OXXXXxXOO 2 3 
CPY $hhil where M=(hhll) OxXXxxOO0 3 4 
ASL A Left shift Are AiAo k- 0 OXXXxXXOO 1 2 
ASL $2z ~ where M = (zz) OXXXXXOO 2 5 
ASL $2zz,X Left shift_ where M=(zz+(X)) |OXXxXxxOO 2 6 
[MMs MsMo | 
6 ASL $hhil MrMs_MiMe "0 oe Mihi)  |Oxxxxx00 3 | 6 
re 
2 ASL $hhll,X where M = (hhil+(X)) | OXXXxX XOO 3 7 
fe) 
LSR A Right shift © —_AzAs A1Ao 0 XXXXXOO 41 2 
LSR $zz where M = (zz) 0 XXXXxXOO0 2 5 
LSR $zz,X Right shift where M=(zz+(X)) | 0XXXxXxOO 2 6 
LSR $hhil 0 —M7Me MiMo where M = (hhll) 0XXXX X00 3 6 
= |LSR $hhil,x where M= (hhll+(X)) | 0 Xxx xXOO 3 7 
”) : | 
& [ROL A Left shift {Aras Aro K{C ky OXXXXXOO 1 | 2 
= |ROL $zz where M=(zz) | OXXxxxOO 2 | 5 
gf |ROL $2z,X Left shift where M = (zz+(X)) |OXXxxxXOO 2 6 
[MMe M:Mo_ 
ROL $hhil MrMs_MiMe where M=(hhll) [Oxxxxx00 3 | 6 
ROL $hhil,x where M = (hhll+(X)) |OxXXxXxX xXOO liane nerd 
ROR A Right shift -AC}-L Ars OXXXX KOO 1 | 2 
ROR $2zz where M = (zz) OXXXXxXOO 2 5 
ROR $2z,X |} Right shift where M=(zz+(X)) |OXXXxXxXOO 9 6 
ROR $hhil MrMs_MiMoI where M=(hhl)  |Oxxxxx00 3 | 6 
ROR $hhll,X | where M= (hhil+(X)) | OX*XX XOO 3 7 
a eee, Ge ee Es 
§ |CLBiA (Ai) — 0 where i=0~7 XXXXXXXX/ ii it ae 4 2 
E CLB i,$zz (Mi) <— 0 where |=0 ~ 7, M = (zz) XXXXXXKX] iii i, et) X 2 5 
. es SEB i,A {Ai} — 1 where i=0~7 XKXXXXXK] Fi i 0 1011 Jax] 1 2 
= SEB i,$zz (Mi) < 1 where i=0 ~ 7, M = (zz) XXXAXXAKMKK/ Fi Ott 11 laxiory 2 5 | 
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vee INSTRUCTION CODE BYTE | CYCLE : 
SYMBOL FUNCTION NVTBD1IZC| D7Ds DsDs Ds D DDL HEX | wine waza "OT 
CLC <0 0 0 1 2 


xXXKxXX xX KO 











XKKXKXXK1 





XXXK OKXKX 
XXKX1KKX 
MKKKKOXKK 
XKXKXK1 XX 


Flag Setting 


XK OKXKXXXKX 
XX 1KKKKX 
XOKXXKXKXXX 


BRA $hhil | (PC) — (PC) +2 +Rel XXXXXXXX 
JMP. $hhil (PC) <— hhil XXXXXXKX 


Oo £—&| Mm MH DH NM YM NYP ND NY 


ol 


JMP ($hhII) | (PC) — (hhll) , (PCx) — (hhll+4) XXX XXX 


JMP ($zz) XXX XXX 


& 


JSR $hhil : xXxXXXXXXX 
JSR ($2z) XXXXXXXX 


JSR \$hhil (M(S)) < (PC1), xxxXKXXKX 
PCu) <— FF 
BBC i, A,$hhil xxXxxXXXxXXMIE ii 0 (2i+1) X 
10+3 


BBC i, $zz,$hhll l xxXXKKXXKXIE Ti 0 as 


BBS i,A,$hhll XXXKXXXK ii 0 21 X 1043 





BBS i, $zz,$hhil XXXXXXKKII Gi 2X 10+7 


BCC $hhil XXXXXXXX 


Branch and Return 


BCS $hhil x KKK KKK 


Se 
Nh 


BNE $hhil +2+Rel xxxXxxXxXXXX 


vUUDU UU 
QOAXA0N0D 


+ 
No 


BEQ $hhll +2+Rel xxxKxXXXKX 


exe) 


ee ee ae ee 
UU 


BPL $hhll +2+Rel Xx XXXKXXX 


+ 
nN 


BMI $hhil +2+Rel XXXXXXXX 


+ 
RN 


BVC $hhll xxXxxXXXXXX 


VvVuvVUVvVVVV 


2} 


BVS $hhil PC) + 2 + Rel XXXXXXXX 


ioutuhuuenwu 
o-+ 00-0 
Celle Te aetna alien TY te ee ete 


Previous status 
in stack 


XKXKKKXKXK 


i PC) «= ( 
(B) <— 1, (PC) < (PC) + 2, (M 
(S) — (S)—1, (M(S)) — (PCi), XxxXxX1X1XxXj/0 000 o000 7 
I) — 1, and (PC) — BADRS 





PO 


NOP | (PC) — (PC) +1 KX KK XXX | 1. 40 


eal 
WIT Internal clock source is stopped. xXXXXXXX]1 100 0010 C 1 2 
STP Oscillation is stopped. XXXXXXXX/0 100 0010] 4 1 2 


Mh 
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Accumulator 

Bit i of accumulator 

Index register X 

Index register Y 

Memory 

Bit i of memory 

Processor status register 
Stack pointer 

Program counter 

Lower byte of program counter 
Higher byte of program counter 
Negative flag 

Overflow flag 

X modified operation mode flag 
Break flag 

Decimal mode flag 

Interrupt disable flag 

Zero flag 

Carry flag 

immediate mode 

Hexadecimal 


Note 1 : Listed function is when (T) = 0. 


Ox! «t>< | + 


Machine language instruction table 


Special page mode 
Higher byte of address (0~255 
Lower byte of address (0~255) 
Zero Page address (0~255) 
Data at 0~255 

Data at 0~7 

Data at 0~7 

Second byte of instruction 
Third byte of instruction 
Relative address 

Break address 

Direction of data transfer 
Contents of register or memory 
Add 

Subtract 

Logical OR 

Logical AND 

Logical Exclusive OR 
Negative : 

Stable flag after execution 
Variable flag after execution 





When (T) = 1, (M(X)) is entered instead of (A) and the cycle number is increased by 3. 


Note 2 : Ditto. The cycle number is increased by 2. 
Note 3 : Ditto. The cycle number is increased by 1. 


Note 4 : The cycle number is increased by 2 when a branch is occurred. 
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Instruction code table 


Appendix 8 Instruction code table 





~ 


ames 


rr 


rm 


om 


rr 


= 


© 


ooo on wow om vo wo] 


ca 
cae 


rT 


S 
= 
O° 
® 

Oo 
r3) 
< 
@ 


NE 
0001 
0010 









BS | ABS 


JMP 
A 
JMP 
IND 
STY 
ABS 
LDY 
ABS 
LDY 
ABS,X 
CPY 
ABS 
CPX 
ABS 


BIT | AND 

1 | ss 
CLB | LDM | AND | ROL | CLB 
arc 


on maim a maim a oO 1c m a jm 
1 | uu a A) Ria SA Rl & a Sl wt NIL carta |\SR 
won “IN NIO VID Oo Ol1Mn + +1IM 10 wowlw rid) oO 10 ™~ 
> < 
~ | od ~{ wm jc < ~» ~< ~< ©O O 
oO a wm alin BIS BIS alts ¥ = ghsae ale ale gle 
mcm <x 22/9 2/2 2|2 ale 2 a Sj eja ~jo Zl 7 = 
$ oc © *~1O H|O Mik mle Rik wl IA |B IO HO *% 
re) 0 010 2/0 Ole ale O alo OF aAal= Hla alm 
ETE qtig Gin < 7 3 JI<tj4 216 <10 Bln <in @ 


SEB 
2,A 
CLB 
Ed 
SEB 
faa 
CLB 
Ew 
SEB 
by 
CLB 
br 
SEB 
Ey 
CLB 
ek 
SEB 
i 
CLB 
kn 
SEB 
7,A 
CLB 
En 


~< 
< 
< << 
> 


ROL 
idee 
ele 
ABS,Y| A 
LSR 
fu |e 
EOR 
ABS,Y | 
ADC | ROR 
IMM | A 
ADC 
ABS,Y | 
| TXA 
STA 
ags,y| 1X8 
LDA 
TAX 
LDA 
ags,y| "9X 
CMP 
DEX 
osy| — | 
ABS,Y 
SBC 
hu |*0P 
SBC 
ABS, Y — 


AND | ROL | BBC 
— [ra ara |r | 
LSR 
fe le 
LSR 
ZP,X | 2, 
ROR 
ZP 
ROR 
ZP,X 
STX 
Ey 
STX 
ZP,X 
LDX 
ZP 
LDX 
ZP,.Y 
DEC 
ed 
DEC 
ZP,X 
INC 
ZP 
INC 
ZP,X 


cLc ORA | DEC | CLB ORA| ASL } CLB 
0,ZP ABS 0,A BS,X| ABS,X} 0,ZP 
SEB 
1A 
CLI 
PLA 
p DEY 
TYA 
TAY 
CLV 
INY 
CLD 





SL | BBC 


Ea 
ROL | BBS 
ZP | 1,2P 


P.X | ZP,X 


ORA 
EA 
BIT | AND 
Eles 


BBC 
ea | 
JSR | BBS 
id 

BBC 
nor | 

BBS |COM 
nox | 2a | 

BBC 
non] — [a 

BBS 
nox] —[ oa 

BBC 
non — [a 
RRF | BBS 
hie 

BBC 

bed 
LDX | BBS 
IMM 
JMP | BBC 
zP red be 

BBS 

fen 

BBC 
Eid 

BBS | CPX 
=a | 

BBC 
Ek 


Q 
N 
: aE 

la 


ORA| JSR | BBS ORA | ASL | BBS ASL | SEB ORA | ASL | SEB 
ND,X |ZP,IND} 0,A ZP | ZP | 0,2P 0,A ABS | ABS | 0,ZP 


ORA 
at 
AND 
aN 


La 
‘| = 
: jor >< ee QO x Q- =o =e qe <i jo </Q =O XO = 
os = 9/9 216 8lz Sis Sissies 
Zz azilazZz lg esl2 bsg 
>< 
rae) =< 


0011 
0100 
0101 
0110 
0111 
1000 
1010 
1011 
1100 
1101 
1110 
1111 
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Appendix 9 Mask ROM ordering method 


When placing an order, submit the following. 
(1) M37470M2-XXXSP mask ROM ordering 
@ M37470M2-XXXSP prescribed confirmation statements (use the pages 139 and 140) 
@ EPROMs in which the data are written 3 sets DIP type 27128, 27256 or 27512 
@ 32P4B mark specification statement (use the page 151) 
(2) M37470M4-XXXSP mask ROM ordering 
@ M37470M4-XXXSP prescribed confirmation statements (use the pages 141 and 142) 
@ EPROMs in which the data are written 3 sets DIP type 27128, 27256 or 27512 
@ 32P4B mark specification statement (use the page 151) 
(3) M37470M8-XXXSP mask ROM ordering 
@ M37470M8-XXXSP prescribed confirmation statements (use the pages 143 and 144) 
@ EPROMs in which the data are written 3 sets DIP type 27256 or 27512 
@ 32P4B mark specification statement (use the page 151) 
(4) M37471M2-XXXSP mask ROM ordering 
@ M37471M2-XXXSP/FP prescribed confirmation statements (use the pages 145 and 146) 
@ EPROMs in which the data are written 3 sets DIP type 27128, 27256 or 27512 
@ 42P4B mark specification statement (use the page 152) 
(5) M37471M2-XXXFP mask ROM ordering 
@ M37471M2-XXXSP/FP prescribed confirmation statements (use the pages 145 and 146) 
@ EPROMs in which the data are written 3 sets DIP type 27128, 27256 or 27512 
@ 56P6N mark specification statement (use the page 153) 
(6) M37471M4-XXXSP mask ROM ordering 
@ M37471M4-XXXSP/FP prescribed confirmation statements (use the pages 147 and 148) 
@ EPROMs in which the data are written 3 sets DIP type 27128, 27256 or 27512 
@ 42P4B mark specification statement (use the page 152) 
(7) M37471M4-XXXFP mask ROM ordering 
| @ M37471M4-XXXSP/FP prescribed confirmation statements (use the pages 147 and 148) 
@ EPROMs in which the data are written 3 sets DIP type 27128, 27256 or 2/7512 © 
@ 56P6N mark specification statement (use the page 153) 
(8) M37471M8-XXXSP mask ROM ordering 
@ M37471M8-XXXSP/FP prescribed confirmation statements (use the pages 149 and 150) 
@ EPROMs in which the data are written 3 sets DIP type 27256 or 2/512 
@ 42P4B mark specification statement (use the page 152) 
(9) M37471M8-XXXFP mask ROM ordering 
@ M37471M8-XXXSP/FP prescribed confirmation statements (use the pages 149 and 150) 
@ EPROMs in which the data are written 3 sets DIP type 27128, 27256 or 2/7512 
@ 56P6N mark specification statement (use the page 153) 
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GZZ—SH02—91A< 9YAO > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | | 


SINGLE-CHIP MICROCOMPUTER M37470M2-XXXSP 
MITSUBISHI ELECTRIC 


Section head| Supervisor 
signature | signature 





Note : Please fill in all items marked. 


piles 
Responsible: upervisor 
Company officer p 










Issuance 
signature 





. name . 
*x | Customer 
Date 
issued 


* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Checksum code for entire EPROM areas 1 | | dd (hexadecimal notation) 






































EPROM type 
LJ 27128 L] 27256 LJ] 27512 
Address Address Address 
00006 000016 
Area for ASCII Area for ASCIi Area for ASCII 
codes of the name codes of the name codes of the name 
of the product of the product of the product 
000F,,|.M37470M2—’ O00F 4|'@37470M2—’ ‘M37470M2—' 
001016 001046 
OFFF 
30006 ! 700015 
ROM( 4 kK) ROM( 4 K) 
Cd 7FFE ¢§ ——— 
(1) Set “FFi,” in the shaded area. Address Address 
(2) Write the ASCII codes that indicates the name of 00004. 00081. 
the product ‘M37470M2—’ to addresses 0000;¢ to 000116 00091, 
OO0F,,. ASCII codes ‘M37470M2—’ are listed on 000216 000Ai6 
the right. The addresses and data are in hexade- 000316 Q00Bi¢ 
cimal notation. 000416 000Ci¢ 
000546 000Di¢ 
000616 000E4, 
000746 0O0F i, 
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GZZ—SH02—91A< 9YA0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM 
SINGLE-CHIP MICROCOMPUTER M37470M2-XXXSP 
MITSUBISHI! ELECTRIC 


Recommend to writing the following pseudo-command to the start address of the assembler source program. 


EPROM type 27128 27256 27512 


4 *=4$C000 A* =4$8000 A* =4$0000 


The pseudo-command 
4.BYTEA ‘M37470M2—’ 4.BYTES ‘M37470M2—’ 4..BYTEA ‘M37470M2—' 





Note : If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. 


* 2. Mark specification | 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (32P4B for M37470M2-XXXSP) and attach to the mask ROM confirmation 
form. | 


* 3. Comments 
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GZZ—SH02—92A< 9YA0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number} 


SINGLE-CHIP MICROCOMPUTER M37470M4-XXXSP 
MITSUBISHI ELECTRIC 


Date : 





Section head] Supervisor 


signature signature 











Note : Please fill in all items marked. 


Responsible 


Company officer 
name 


Supervisor 












Issuance 
signature 


* | Customer 


Date 
issued 

















* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Checksum code for entire EPROM areas | | | di] (hexadecimal notation) 
EPROM type 


L] 27128 [] 27256 27512 


0000 i 4 

000016! area for ASCII '®) Area for ASCII '®) Area for ASCII 

codes of the name codes of the name codes of the name 
of the product of the product of the product 
O00F 1¢ ‘M37470M4—’ 000F 1¢ ‘M37470M4—' O00F,,¢| ‘M37470M4—’ 


001046 le 0010%6// 
1FFF 46 SFFF 16 / DFFFi¢ | 


200016 E000,6 


























ROM( 8 K) ROM( 8 K) ROM( 8 Kk) 






































(1) Set “FF,” in the shaded area. Address Address 
(2) Write the ASCII codes that indicates the name of 0000;., 00084, 2D 
the product ‘M37470M4—’ to addresses 0000. to 000146 000946 wis 
OOOF,.. ASCII codes ‘M37470M4—’ are listed on 00021. O00Ai¢ PF 
the right. The addresses and data are in hexade- 0003; O00Bi¢ FF 
cimal notation. 000416 000C 1, FF | 
000516 000D 46 re 
0006;¢ QO0E 1, EF Piel 
000716 000F i¢ F Fig | 
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GZZ—SH02—92A< 9YAO > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M37470M4-XXXSP 
MITSUBISHI ELECTRIC 


Recommend to writing the following pseudo-command to the start address of the assembler source program. 


EPROM type 27128 27256 














A* =4$C000 A* =4$8000 | A* =4$0000 
The pseudo-command 
A, BYTEA ‘'M37470M4—’ A..BYTEA 'M37470M4—’ 4. BYTEA ‘M37470M4—’ 


Note : If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. 


* 2. Mark specification : | 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (32P4B for M37470M4-XXXSP) and attach to the mask ROM confirmation 
form. 


* 3. Comments 
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GZZ—SH02—93A< SYAO > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | | 


SINGLE-CHIP MICROCOMPUTER M37470M8-XXXSP 
MITSUBISHI ELECTRIC 


Section head| Supervisor 
ignature_ _|_ signature 





Note : Please fill in all items marked 


Responsible 
Company officer 
name 


Supervisor 






* | Customer |. 





Issuance 
signature 


Date 


issued 











* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
lf at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Checksum code for entire EPROM areas | | tf (hexadecimal notation) 






































EPROM type 
L} 27256 L] 27512 
Address Address 
000016 | Area for ASCII 000016 | area for ASCII 
codes of the name codes of the name 
of the product of the product 
‘M37470M8—' O00F,, |‘M37470M8— 
001016 
BFFFi¢ 
C0006 
ROM(16K) ROM(16K) 
FFFFi6 L 
(1) Set “FF,,” in the shaded area. Address Address 
(2) Write the ASCII codes that indicates the name of 000016 M’=4D 0008,¢ 41 
the product ‘M37470M8—’ to addresses 0000i¢ to 000146 (3° = 3 3 000916 | F 
OO0F 15. ASCII codes ‘M37470M8 —’ are listed on 0002., |‘7'°=37 000A16 = rr. 
the right. The addresses and data are in hexade- 00031, (‘4° =3 446) OO00Big | | F Fic 
cimal notation. 0004,, |'7'=3 746) 000Ci. i | 
000516 000D1¢ EAE 
000616 Eesti BT a OO0E16 F z 
000716 |'8’=3 Big) 000F 16 FF 
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GZZ—SH02—93A< 9YAO0 > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM 


SINGLE-CHIP MICROCOMPUTER M37470M8-XXXSP 
MITSUBISHI ELECTRIC 


Recommend to writing the following pseudo-command to the start address of the assembler source program. 









27512 


Ax = 4$0000 
4.BYTES ‘M37470M8—’ 


EPROM type 





















A* = 4$8000 


The pseudo-command 
4.BYTEA ‘M37470M8—’ 








Note - If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. 


* 2. Mark specification 


Mark specification must be submitted using the correct form for the type package being ordered fill out the 


appropriate mark specification form (32P4B for.M37470M8-XXXSP) and attach to the mask ROM confirmation 
form. 


* 3. Comments 
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GZZ—SH02—94A< 9YBO > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number) 


SINGLE-CHIP MICROCOMPUTER M37471M2-XXXSP/FP 
MITSUBISHI ELECTRIC 


Date : 





Section head] Supervisor 
signature 4 signature 











Note : Please fill in all items marked. 


Responsible 
Company officer 
name 


Supervisor 









if 





* | Customer | 





Issuance 
signature 


Date 








issued 








* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Microcomputer name : _] M37471M2-XXXSP —__] M37471M2-XXXFP 


Checksum code for entire EPROM areas ae (hexadecimal notation) 
EPROM type , 














































































































[| 27128 L| 27256 L] 27512 
Address Address Address 
ogre Area for ASCII oo Area for ASCII Area for ASCII 
codes of the name codes of the name codes of the name 
of the product of the product of the product 
O00F,,|‘M37471M2—’ OO0F,,| 'M37471M2—' ‘M37471M2—’ 
cot 0010;¢ 
2FFFi¢ | 6FFFi¢ 
30004, 700016 
ROM( 4 K) ROM( 4 K) 
7FFFi6L 
(1) Set “FFy,_” in the shaded area. Address Address 
(2) Write the ASCII codes that indicates the name of 000016 0008;, |‘—’ =2 Dig 
the product ‘M37471M2—’ to addresses 00001. to 000116 000946 F Fig 
OOOF15. ASCII codes ‘M37471M2—’ are listed on 000216 OO0Ai6 F F 46 
the right. The addresses and data are in hexade- 000316 OO0Bi¢ F Fi6 
cimal notation. 000416 000Ci¢ F F a6! 
0005: ['1'=3 14g) O000Dig | F Fi. 
0006;¢ | ‘M?’ = 4 Dig OO0E.6 | FF 16 | 
O007i6 ['2’=3 216) O00Fi¢ F Fis 
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APPENDIX 9 
| Mask ROM ordering method 





GZZ—SH02—94A< 9YBO > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M37471M2-XXXSP/FP 
MITSUBISHI ELECTRIC 


Recommend to writing the following pseudo-command to the start address of the assembler source program. 


























| EPROM type | 27128 | 27256 27512 | 
- ; ang | D*=S8C000 Ax =A$8000 A* =A$0000 
e pseuqo-comm 
7 J A. BYTEA 'M37471M2—’ | A.BYTEA 'M37471M2—' | A.BYTEA ‘M37471M2—' 

















Note : If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. 


* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (42P4B for M37471M2-XXXSP ; 56P6N for M37471M2-XXXFP) and attach to 
the mask ROM confirmation form. | 


x 3. Comments 
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APPENDIX 9 
Mask ROM ordering method | 





GZZ—SH02—95A< 9YBO > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | | 


SINGLE-CHIP MICROCOMPUTER M37471M4-XXXSP/FP 
MITSUBISHI ELECTRIC 











Note : Please fill in all items marked. 


Responsible 
Company officer 
name 


Supervisor 









* | Customer 








Issuance 
signature 


Date 


issued 














* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
If at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Microcomputer name : L) M37471M4-XXxXSP [| M37471M4-XXXFP 


Checksum code for entire EPROM areas | | | fi (hexadecimal notation) 
EPROM type 


L] 27128 L] 27256 L] 27512 


Address Address Address 
000016 0000,.. —_______ 
Area for ASCII Area for ASCII Area for ASCII 
codes of the name codes of the name codes of the name 
of the product of the product of the product 
O00F,,| M37471M4— ‘M37471M4— Q00F,¢| 'M37471M4—' 


al IIL iat 


200016 E00046 








ROM( 8 kK) ROM( 8 K) 



































(1) Set “FF,,” in the shaded area. Address Address 
(2) Write the ASCII codes that indicates the name of 0000,, |‘M’=4D, 000816 
the product ‘M37471M4—’ to addresses 0000. to 0001416 OS : 0009:6 
OQO0F,,. ASCII codes ‘M37471M4—’ are listed on 000216 ‘7’ =3 746) O00Ai¢6 

the right. The addresses and data are in hexade- 00031, |'4’=34 000B¢ 
cimal notation. | 0004,, |‘7'’=37 : 000Ci6 

: 00051. ft Niet ol | 000D 6 

0006:. EM = 4 Dis OOOEig 

000716 ‘4’=34 16 O00Fi¢ 
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APPENDIX 9 
Mask ROM ordering method 





GZZ—SH02—95A< 9YBO > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | | 


SINGLE-CHIP MICROCOMPUTER M37471M4-XXXSP/FP 
MITSUBISHI ELECTRIC 


Recommend to writing the following pseudo-command to the start address of the assembler source program. 








































EPROM type 27256 Z7512 
Ax* =A$C000 A* =4$8000 A* =4$0000 
The pseudo-command 
4.BYTEA ‘M37471M4—’ 4. BYTES 'M37471M4—’ 4..BYTES ‘M37471M4—’ 











Note : If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. 


* 2. Mark specification : 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (42P4B for M37471M4-XXXSP ; 56P6N for M37471M4-XXXFP) and attach to 
the mask ROM confirmation form. 


* 3. Comments 
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APPENDIX 9 
Mask ROM ordering method 





GZZ—SH02—96A< 9YBO > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M37471M8-XXXSP/FP 
MITSUBISHI ELECTRIC 


Section head} Supervisor 
signature signature 











Note : Please fill in all items marked. 


Responsible 
officer 


Supervisor 


L 









Company 
name 


* | Customer |. 





Issuance 
signature 


Date 


issued 

















* 1. Confirmation 
Specify the name of the product being ordered and the type of EPROMs submitted. 
Three sets of EPROMs are required for each pattern (Check @ in the appropriate box). 
lf at least two of the three sets of EPROMs submitted contain the identical data, we will produce masks based 
in this data. We shall assume the responsibility for errors only if the mask ROM data on the products we pro- 
duce differ from this data. Thus, the customer must be especially careful in verifying the data contained in the 
EPROMs submitted. 


Microcomputer name : L} M37471M8-XXXSP  [] M37471M8-XXXFP 


Checksum code for entire EPROM areas | [ | (hexadecimal notation) 
EPROM type 


L] 27256 LJ 27512 


Address 











0000, f~ 
Area for ASCII | Area for ASCII 
codes of the name codes of the name 
of the product of the product 
000F 16 ‘M37471M8—’ 2 ‘M37471M8—’ 








001046 / / 
3FFFi.¢ 


400016 








ROM(16K) ' ROM(16kK) 
FFFFi¢ 















































(1) Set “FFy,” in the shaded area. | Address Address _ 

(2) Write the ASCII codes that indicates the name of 00006 ‘M’ = 4 Dig 00081. ‘—' = 2 Dig 
the product ‘M37471M8—’ to addresses 00001:¢ to 000116 ('3'’ =3 316| 000946 FF i6| 
OOOF;,.. ASCII codes ‘M37471M8—’ are listed on 000216 ‘7' =3 746 000Ai6 F Fi46 
the right. The addresses and data are in hexade- 000316 ['4’=3 416} O00Bi¢ F F 46 
cimal notation. 00041, ['7’=3 746) 000Ci¢ FF 46 

000516 oo Gece On| 16 000Di¢ FF 16 
00061. ‘M' = 4 D416 OO0E:., F F 46 
000716 3'=3-8 16 | OO0F 16 FF 16 
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APPENDIX 9 — 
Mask ROM ordering method 





GZZ—SH02—96A< 9YBO > 


SERIES MELPS 740 MASK ROM CONFIRMATION FORM [Mask ROM number | 


SINGLE-CHIP MICROCOMPUTER M37471M8-XXXSP/FP 
MITSUBISHI ELECTRIC 


Recommend to writing the following pseudo-command to the start address of the assembler source program. 

















EPROM type 27256 27512 
Ax* =4$8000 A* =4$0000 
The pseudo-command 
4. BYTEA ‘M37471M8—’ 4.BYTES ‘M37471M8—’ 











———) 


Note : If the name of the product written to the EPROMs does not match the name of the mask confirmation, the 
ROM processing is disabled. Write the data correctly. 


* 2. Mark specification 
Mark specification must be submitted using the correct form for the type package being ordered fill out the 
appropriate mark specification form (42P4B for M37471M8-XXXSP:; 56P6N for M37471M8-XXXFP) and attach to 
the mask ROM confirmation form. 


* 3. Comments 


150 


APPENDIX 9 
Mask ROM ordering method 





32P4B (32-PIN SHRINK DIP) MARK SPECIFICATION FORM 


Mitsubishi |C catalog name i 


Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 











A. Standard Mitsubishi Mark 











Mitsubishi lot 
number (6-digit) 


———-——- Mitsubishi IC catalog name 


~~~ Customer’s parts number | 
Note: The fonts and size of characters 
are standard Mitsubishi type. 


Mitsubishi IC catalog name 


Note1 : The mark field should be written right aligned. 
2: The fonts and size of characters are standard Mitsubishi type. 
3: Customer’s parts number can be up to 16 characters : 
Only O~9, A~Z, +, —, 7, (, ), & ©, + (period), and, (commas) are usable. 
4: lf the Mitsubishi logo .*% is not required, check the box on the right. a. Mitsubishi logo is not required 


C. Special Mark Required | 


QUUUOUUUUUUOUUU USO © 


Note1 : If the special mark is to be printed, indicate the desired layout of the mark in the upper figure. The layout will 


be duplicated as close as possible. Mitsubishi lot number (6-digit) and mask ROM number (3-digit) are al- 
ways marked. 


2:\f the customer's trade mark logo must be used in the special mark, check the box below. Please submit a 
clean original of the logo. 


For the new special character fonts a clean font original (ideally logo drawing) must be submitted. 
Special logo required 


The standard Mitsubishi font is used for all characters except for a logo. 
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APPENDIX 9 ; 
Mask ROM ordering method 





42P4B (42-PIN SHRINK DIP) MARK SPECIFICATION FORM 





Mitsubishi IC catalog name | 











Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 


A. Standard Mitsubishi Mark 


@AD OOOO OOOO AO) 2 


Mitsubishi lot 
number (6-digit) 


7--- Customer's parts number 
_1 Note:The fonts and size of characters 
are standard Mitsubishi type. 
——-— Mitsubishi IC catalog name 


Mitsubishi lot 
number (6-digit) 





Note1 : The mark field should be written right aligned. 
2: The fonts and size of characters are standard Mitsubishi type. 
3: Customer’s parts number can be up to 15 characters .- | 
Only 0~9, A~Z, +, —, 7, (, ), & ©, * (period), and, (commas) are usable. 
4: lf the Mitsubishi logo & is not required, check the box on the right. a Mitsubishi logo is not required 


C. Special Mark Required a 





Note1 : If the special mark is to be printed, indicate the desired layout of the mark in the upper figure. The layout will 
be duplicated as close as possible. Mitsubishi lot number (6-digit) and mask ROM number (3-digit) are al- 
ways marked. 

2:\f the customer's trade mark logo must be used in the special mark, check the box below. Please submit a 
clean original of the logo. | 
For the new special character fonts a clean font original (ideally logo drawing) must be submitted. 
| Special logo required 
The standard Mitsubishi font is used for all characters except for a logo. Fa 
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APPENDIX 9 
Mask ROM ordering method 





S6P6N (56-PIN QFP) MARK SPECIFICATION FORM 


Mitsubishi IC catalog name 








Please choose one of the marking types below (A, B, C), and enter the Mitsubishi IC catalog name and the special 
mark (if needed). 


A. Standard Mitsubishi Mark 


Mitsubishi lot 
number (6-digit) r ~ Mitsubishi IC catalog name 


aa Customer's parts number 
| Note:The fonts and size of characters are standard 
| Mitsubishi type. 


Note4: If the Mitsubishi logo *% is not required, check 
the box below. 
a Mitsubishi logo is not required 


| 





Note1 : The mark field should be written right aligned. 


2: The fonts and size of characters are standard 5: Arrangement of Mitsubishi IC catalog name and 
Mitsubishi type. Mitsubishi lot number is dependent on number 

3: Customer’s parts number can be up to 11 char- of Mitsubishi IC catalog name and that Mitsu- 
acters - bishi logo *# is required or not. 


Only 0~9, A~Z, +, —, 7%, (, ), & ©, ° (period), 


and, (commas) are usable. Note1 : If the special mark is to be printed, indicate the 


desired layout of the mark in the Jeft figure. The 
layout will be duplicated as close as possible. 
_ Mitsubishi lot number (6-digit) and mask ROM 

number (3-digit) are always marked. 

2:\If the customer’s trade mark logo must be used 
in the special mark, check the box below. 
Please submit a clean original of the logo. 
For the new special character fonts a clean font 
original (ideally logo drawing) must be sub- 
mitted. 


C. Special Mark Required 


Special logo required 


| 


The standard Mitsubishi font is used for all char- 
acters except for a logo. 
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APPENDIX 10> 
Emulator MCU M37471RSS 


Appendix 10 Emulator MCU M37471RSS 


1. Outline 

The emulator MCU M37471RSS_ is designed for the development of 7470 Series software. It has an emulator 
connected to a socket in its top surface, and it enable efficient debugging of user programs, with the help of 
functions such as real-time trace. Ce 

Signals from a 16-line address bus and a bi-directional data bus, and SYNC, RD, WR, and ¢ signals can be output 
from the socket in the top surface, to enable monitoring of all the internal bus data from the emulator. 

A debugging system using the M37471RSS enables direct connection of the pins of the dedicated MCU for 
emulator to the user system, to provide a debugging environment even closer to real life. 

Mitsubishi's PC4600 system is a development support system suitable for the M37471RSS. 


Pin configuration (top view) 


a= P52 
P17/Sroy <>» re Po 
Pit6/CLK <>» +> P05 
P1s/Sout <> + > POs 


P14/SiIn <> +> Po 
E '@) CNVss2. Voc? 8)! i 


(2) Ae Ara GD} ae 

i‘@ A7 | Ais @ PP 02 

'‘® Ac As @: | aaa 20) 

:G) As Ao 24); +206 

'© A4 Ait @: +> P43 

‘(7 As ¢ @! +> P42 
P2s/INs <> (8) A2 A10 @), <> P4, 
P24a/IN4a <> 1© At Ss QO) +> PA, 
P2s/IN3 <> {@ i aif ce “— P3a/CNTR1 
P22/INe <> es oe . 5 +— P32/CNTRo 
'@ De/SYNC DajAts @! = ESN Ts 
4 Vss2 Ds/A14 (5) *— P3o/INTo 


P2:/IN1 <>» 
P2o/INo +> 


VREF —> ‘ +— RESET 


Xin —> + P51/XcoutT 


XouT <— *— P50/XcIN 


Voc 


Outline 42S1M 


Note: The power supply voltage of the M37471RSS must be within the range of 5V+5%. 
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APPENDIX 10 


2. M37471RSS memory map 


000016 


Internal 
RAM 


O0CO0i6 
SFR 
010016 
Internal 
RAM 


020016 | 


01CO0i6 


ROM area 


FFFFie 





Emulator MCU M37471RSS 


RD="L" 


Read data from 
RAM or the SFR 
is output from 
the data bus 
connected to the 
top-surface pins 


Data from the 
memory in the 
emulator is input 
to the data bus 
connected to the 
top-surface pins 





Note : It can be set the S pin level either “L” or “H”. 


WR=“L” 


Write data to 
RAM or the SFR 
is output from 
the data bus 
connected to the 
top-surface pins 


The value on the 
data bus is output 
from the data bus 
connected to the 
top-surface pins 
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9S 1 


(HLA) a}duexe ynowo uoTeolddy 


REC-CTL 


M37470M2-XXXSP 






C) 
SW : 
Overwrite CTL 


Serial bus 





M52410 ( 





CTL HEAD 
3-value control 
ce amon eee control 
PB-CTL 
Supply reel pulse 
Take-up reel pulse Division CTL 
Tape selection switch Capstan FG 


Audio envelope 

Video envelope 

Drum rotation pulse 
Tracking mono/multi output 
Auto-tracking LED 
Auto-tracking on/off switch 


yeoaiddy LL xipueddy 


InduId UO 


ejduexe } 


It XIGQNHddV 





CONTACT ADDRESSES FOR FURTHER INFORMATION 


JAPAN 
Semiconductor Marketing Division 
Mitsubishi Electric Corporation 
2-3, Marunouchi 2-chome 
Chiyoda-ku, Tokyo 100, Japan 
Telex: 24532 MELCO J 
Telephone: (03) 3218-3473 

(03) 3218-3499 
Facsimile: (03) 3214-5570 





Overseas Marketing Manager 
Kita-Itami Works 

4-1, Mizuhara, Itami-shi, 
Hyogo-ken 664, Japan 

Telex: 526408 KMELCO J 
Telephone: (0727) 82-5131 
Facsimile: (0727) 72-2329 





HONG KONG 

Mitsubishi Electric (H.K.) Ltd. 

41st fl, Manulife Tower, 169, 

Electric Road, North Point, Hong Kong 

Telex: 60800 MELCO HX 

Telephone: 510-0555 

Facsimile: 510-9830, 510-9822, 
510-9803 











SINGAPORE 
MELCO SALES SINGAPORE PTE. 
LTD. 

230 Upper Bukit Timah Road # 03- 
01/15, 

Hock Soon Industrial Complex 
Singapore 2158 

Telex: RS 20845 MELCO 
Telephone: 4695255 

Facsimile: 4695347 











TAIWAN 
MELCO-TAIWAN CoO., Ltd. 
1st fl., Chung-Ling Bidg., 

363, Sec. 2, Fu-Hsing S Road, 
Taipei R.O.C. 

Telephone: (02) 735-3030 
Facsimile: (02) 735-6771 














Telex: 25433 CHURYO “MELCO- 
TAIWAN” 

U.S.A. 

NORTHWEST 


Mitsubishi Electronics America, Inc. 
1050 East Arques Avenue 
Sunnyvale, CA 94086 

Telephone: (408) 730-5900 
Facsimile: (408) 730-4972 


SAN DIEGO 

Mitsubishi Electronics America, Inc. 
16980 Via Tazon, Suite 220 

San Diego, CA 92128 

Telephone: (619) 451-9618 
Facsimile: (619) 592-0242 


DENVER 

Mitsubishi Electronics America, Inc. 
4600 South Ulster Street 
Metropoint Building, 7th Floor 
Denver, CO 80237 

Telephone: (303) 740-6775 
Facsimile: (303) 694-0613 


SOUTHWEST 

Mitsubishi Electronics America, Inc. 
991 Knox Street 

Torrance, CA 90502 

Telephone: (213) 515-3993 
Facsimile: (213) 217-5781 


SOUTH CENTRAL 

Mitsubishi Electronics America, 
1501 Luna Road, Suite 124 
Carrollton, TX 75006 
Telephone: (214) 484-1919 
Facsimile: (214) 243-0207 


nc. 


NORTHERN 

Mitsubishi Electronics America, Inc. 
15612 Highway 7 +243 
Minnetonka, MN 55345 

Telephone: (612) 938-7779 
Facsimile: (612) 938-5125 


NORTH CENTRAL 

Mitsubishi Electronics America, Inc. 
800 N. Bierman Circle 

Mt. Prospect, IL 60056 

Telephone: (312) 298-9223 
Facsimile: (312) 298-0567 


NORTHEAST 

Mitsubishi Electronics America, 
200 Unicorn Park Drive 
Woburn, MA 01801 

Telephone: (617) 932-5700 
Facsimile: (617) 938-1075 


nc. 


MID-ATLANTIC 

Mitsubishi Electronics America, Inc. 
800 Cottontail Lane 

Somerset, NJ 08873 

Telephone: (201) 469-8833 
Facsimile: (201) 469-1909 


SOUTH ATLANTIC 

Mitsubishi Electronics America, Inc. 
2500 Gateway Center Bivd., Suite 300 
Morrisville. NC 27560 

Telephone: (404) 368-4850 
Facsimile: (404) 662-5208 


SOUTHEAST 

Mitsubishi Electronics America, Inc. 
Town Executive Center 

6100 Glades Road #210 

Boca Raton, FL 33433 

Telephone: (407) 487-7747 
Facsimile: (407) 487-2046 


CANADA 

Mitsubishi Electronics America, Inc. 
6185 Ordan Drive, Unit #110 
Mississauga, Ontario, Canada L5T 2E1 
Telephone: (416) 670-8711 

Facsimile: (416) 670-8715 


Mitsubishi Electronics America, Inc. 
300 March Road, Suite 302 

Kanata, Ontario, Canada K2K 2E2 
Telephone: (416) 670-8711 
Facsimile: (416) 670-8715 





WEST GERMANY 
Mitsubishi Electric Europe GmbH 
Headquarters: 

Gothear Str. 8 

4030 Ratingen 1, West Germany 
Telex: 8585070 MED D 
Telephone: (02102) 4860 
Facsimile: (02102) 486-115 





Munich Office: 

ArabellastraBe 31 

8000 Munchen 81, West Germany 
Telex: 5214820 

Telephone: (089) 919006-09 
Facsimile: (089) 9101399 





FRANCE 
Mitsubishi Electric Europe GmbH 
55, Avenue de Colmar 

92563 Rueil Malmaison Cedex 
Telex: 632326 

Telephone: 47087871 

Facsimile: 47513622 








ITALY 
Mitsubishi Electric Europe GmbH 
Centro Direzionale Colleoni 
Palazzo Cassiopea 1 

20041 Agrate Brianza I-Milano 
Telephone: (039) 636011 
Facsimile: (039) 6860120 





SWEDEN 

Mitsubishi Electric Europe GmbH 
Lastbilsvagen 6B 

5-19149 Sollentuna, Sweden 
Telex: 10877 (meab S) 
Telephone: (08) 960468 
Facsimile: (08) 966877 





U.K. 
Mitsubishi Electric (U.K.) Ltd. 
Travellers Lane 

Hatfield 

Herts AL10 8XB, England, U.K. 
Telephone: (0044) 7072 76100 
Facsimile: (0044) 7072 78692 














AUSTRALIA 
Mitsubishi Electric Australia Pty. Ltd. 
348 Victoria Road 

Rydalmere Nsw 2116, Australia 

Private Bag No.2 Rydalmere Nsw 2116 
Telex: MESYDAA 126614 
Telephone: (02) 684-7200 

Facsimile: (02) 638-7072 
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